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LIST OF ACRONYMS
ACM

Asbestos Containing Material

ABC

Anny Environmental Center

ARAR

Applicable or Relevant and Appropriate Requirements

ASTM

American Society for Testing Materials

CERCLA

Comprehensive Environmental Response, Compensation and
Liability Act

CFR

Code of Federal Regulations

DERA

Defense Environmental Restoration Account

DNB

Dinitrobenzene

DNT

Dinitrotoluene

DOD

Department of Defense

DVA

Department of Veterans Affairs

EE/CA

Engineering Evaluation/Cost Analysis

FFA

Federal Facilities Agreement

FS

Feasibility Study

HDPE

High Density Polyethylene

HMX

High melting point explosive

IAAP

Iowa Anny Ammunition Plant

IDA

Inert Disposal Area

IEPA

Illinois Environmental Protection Agency

IRP

Installation Restoration Program

ISWDR

Iowa Solid Waste Disposal Regulations

LAP

Load, Assembly and Package Area

LDPE

Low Density Polyethylene

LDRs

Land Disposal Regulations

MFG

Manufacturing Area

MGD

Million Gallons per Day

MSL

Mean Sea Level

NCP

National Oil and Hazardous Substances Pollution Contingency
Plan

NOV

Notice of Violation

IV

NPDES

National Pollutant Discharge Elimination System

NPDES

National Pollution Discharge Elimination System

NPL

National Priority List

O&M

Operation and Maintenance

OBIOD

Open Burning/Open detonation

PAH

Polycyclic Aromatic Hydrocarbons

PAS

Preliminary Assessment Screening

PCB

Polychlorinated Biphenyls

PPB

Parts Per Billion

PPM

Parts Per Million

PRGs

Preliminary Remediation Goals

RCRA

Resource Conservation and Recovery Act

RDX

Royal Demolition Explosive

RI/FS

Remedial InvestigationlFeasibility Study

ROD

Record of Decision

SF

Square Feet

TCLP

Toxic Characteristic Leaching Potential

Tertryl

N, 2, 4, 6,-Tetranitro-N-methylaniline

TNB

Trinitrobenzene

TNT

Trinitrotoluene

USAEC

United States Army Environmental Center

USAEHA

United States Army Environmental Hygiene Agency

USDA

United States Department of Agriculture

USEPA

United States Environmental Protection Agency

USGS

United States Geological Survey

VOCs

Volatile Organic Compounds
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1.0

INTRODUCTION

1.1

Purpose of Study and Report

This Evaluation of Treatment Alternatives report was developed by Plexus Scientific Corporation
under Delivery Order Number 0004 of Contract DAAMOI-94-D-0020 for the Army
Environmental Center (AEC), Aberdeen Proving Ground. The Report is intended to be an
ancillary document to the draft Engineering Evaluation/Cost Analysis for Three Removal Actions
at the Iowa Army Ammunition Plant prepared by CDM Federal Programs Corporation (April 3,
1995) under contract to the U.S. Army Corps of Engineers Omaha District. In that document,
the recommended alternative for the Line 1 Impoundment and Line 800 Settling Pond removal
action is excavation of contaminated soil and sediment and segregation based on the measured
levels of contaminants. Soils exhibiting the highest levels of contamination are to be placed in a
temporary storage facility pending treatment. Treatment will reduce the toxicity to levels that are
protective of the environment and will not endanger human health.

It is anticipated that

approximately 79 percent of the contaminant (RDX [cydo-l,3,5-trimethylene-2,4,6-trinitramine]
and TNT [2,4,6-trinitrotolueneD mass from these two source areas will be treated and the
remaining soils (representing approximately 90 percent of the total soil volume) will be placed in
an on-site Resource Conservation and Recovery Act (RCRA) Subtitle C Landfill cell. This
approach is consistent with the Comprehensive Environmental Response, Compensation, and
Recovery Act (CERCLA) Section 121(b) which advocates the statutory preference for treatment
over conventional containment or land disposal of contaminants that represent a principle threat at
a site when considering remedial actions. This preference for treatment is considered in the U. S.
Environmental Protection Agency (USEPA) Guidance on Conducting Non-Time Critical
Removal Actions Under CERCLA (USEPA, 1993a) as an appropriate goal for the conduct of
removal actions as well as remedial actions. The approach also eliminates the potential future
liability to the Army in the event that the containment facility is compromised or damaged and the
most highly contaminated soils are exposed to the environment.

1.2

Summary of Previous Investigations

The draft engineering evaluation/cost analysis (EE/CA) for the Iowa Army Ammunition Plant
(IAAP) (CDM, 1995) identifies removal action alternatives that are responsive to the potential
threat to public health or welfare or the environment by taking action to abate, prevent, minimize,
stabilize, mitigate or eliminate the release or the threat of release as described in the National Oil
1-1

and Hazardous Substances Pollution Contingency Plan (NCP) 40 CFR Section 300.415. The
EE/CA proposes to eliminate the potential exposure to nearby human populations or the
environment from the explosive compound hazardous substances located in the former Line 1
Impoundment and Line 800 Pink Water Lagoon and Settling ponds. It recommends as the most
practical alternative for addressing the contaminated areas:
1) Establishment of a 100 foot by 100 foot sampling grid system,
2) Excavation ofthe soils based on results of samples from the grid,
3) Segregation of the removed soils into two portions based on concentrations of
explosive compounds, and
4) Placement of the segregated soils into two separate engineered containment facilities.

A hazardous waste landfill constructed according to requirements in 40 CFR 264 Subtitle C
would receive soils with measured concentrations meeting the following criteria:

1) Soils between the 10.5 and 10-6 cancer risk levels as determined by the early
endangerment assessment (JAYCOR, 1994),
2) Soils with concentrations above levels determined to be at least minimally protective of
the groundwater (but below the computed risk-based preliminary removal action goals for
soils) as estimated through simple partitioning calculations,
3) Soils that do not exceed RCRA Land Disposal Restrictions (LDRs).

The remaining soils are to be contained in a dedicated RCRA Stockpile engineered and operated
according to 40 CFR 264 Subpart L construction and closure requirements. The design life of the
waste pile is ten years and the soils within it are to be treated pending further study of alternative
treatment technologies. Criteria for temporary placement in the stockpile containment facility
identified in the draft EE/CA (CDM, 1995) are all soils/sediments with measured concentrations
above those that result in calculated cancer risk levels exceeding 10.5, those above levels identified
in Land Disposal Restrictions and those above the computed value for protection of the
groundwater.

1-2

The decision process and criteria are described in the draft EE/CA (CDM, 1995). The decision
analysis flow diagram is re-printed in Figure 1-1.

This Report focuses on the treatment of the soils contained in the RCRA stockpile. It investigates
the current state-of-the-technology for treatment of explosive-contaminated soils, and compares
the most promising technologies for meeting project goals. For each of the technologies
evaluated, an implementation approach, conceptual design and estimated treatment costs are
presented. The evaluation is based on documented findings for similar projects, pilot scale
demonstrations and on soon to be published research findings. Accordingly, for those
technologies that have not been successfully demonstrated in similar applications, pilot and
treatability testing is necessary prior to its use at IAAP.

In July 1989, IAAP was proposed for inclusion on the National Priorities List pursuant to Section
105 of CERCLA. The IAAP environmental restoration program is being conducted according to
the agreements incorporated into a Federal Facility Agreement (FFA) executed between the US
Army and the USEPA Region VII in 1990. The FFA includes the provision for the conduct of
CERCLA activities to be conducted by the Army in conjunction with USEPA Region VII
participation. Accordingly, the Army is conducting a full site-wide Remedial Investigation and
Feasibility Study (RIfFS) to address all CERCLA-related concerns at IAAP. The Non-Time
Critical Removal Action being addressed in the draft EE/CA (CDM 1995) and by this adjunct
Evaluation of Treatment Alternatives is being accomplished in order to accelerate the response to
the potential human heath and environmental threats in the former Line 1 Impoundment and Line
800 Pink Water Lagoon locations.

The Army plans to submit this document to the USEPA Region VII for review. The regulatory
agency concerns will be addressed and the recommended removal action remedy will be
summarized and incorporated into a Proposed Plan as it is developed for the IAAP. The
Proposed Plan will then be made available during a 30 day public comment period. The resulting
removal action and preferred remedy will be presented in a Record of Decision (ROD) as
described in USEPA Guidance (USEPA, 1989; 1993a). Following appropriate coordination,
review and responsive consideration of regulatory agency and public comments, the final decision
document will be signed by the Army as the lead Federal Agency for this action in accordance
with the agreements in the FAA. In order to allow rapid progress of the removal action, the
excavation of soils/sediments and subsequent containment in engineered structures, will be
1-3
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accomplished on a separate schedule of planning and implementation than this adjunct study of
alternatives and subsequent treatment.

This Evaluation of Treatment Alternatives identifies permanent options capable of treating the
contaminated soils to standards that are fully protective of human health and the environment.
Since treatment of the contaminants does not involve total destruction of the soils, this study also
includes consideration of the ultimate disposition of the soils. Therefore, the placement of the
treated soils is included in the evaluation of compliance with applicable or relevant and
appropriate regulations (ARARs) and of process costs.

The DoD Environmental Technology Transfer Committee prepared a document resulting from the
research and efforts of the Federal Remediation Technology Roundtable entitled The Remediation
Technologies Screening Matrix and Reference Guide, 2nd Edition (DOD Environmental
Technology Transfer Committee, 1994). The purpose of the document was to assemble a
comprehensive compendium of USEPA established presumptive remedies and emerging
technologies, including both private-sector processes and results of federal agency research,
development and. implementation of new and effective methods to clean-up contaminated media.
The document lists biological remediation and incineration as the two viable general treatment
technologies currently available to treat explosive contaminated soil. This Evaluation of
Treatment Alternatives considers the four bio-treatment technologies listed in that reference
guide: aqueous-phase bioreactors, composting, landfarming and white-rot fungus (solid-phase
options). Other technologies considered in this document that the Remediation Technologies
Screening Matrix and Reference Guide lists as potentially applicable technologies for treatment of
explosive-contaminated soils are: incineration, hot gas decontamination, low temperature thermal
desorption, open burn/open detonation, soil washing and solvent extraction. Following a
screening evaluation involving each of these potentially applicable technologies, the four
treatment alternatives that are selected in this Evaluation of Treatment Alternatives and analyzed
in detail are: incineration, aerobic bioslurry, anaerobic bioslurry and composting. These
processes are compared to a no-action alternative that provides a baseline for the evaluation.

1.3

Report Organization

The format and content of this document are structured to be generally consistent with guidance
provided in the USEP A guidance document Guidance on Conducting Non- Time-Critical
Removal Actions Under CERCLA (USEPA, 1993a). Section 2.0 summarizes relevant site
1-4
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history, characteristics of each of the contaminated areas, and the design of the site of proposed
soils/sediment disposal. In Section 3.0, the basis for the removal action is presented as well as the
scope and objectives of this Evaluation of Treatment Alternatives study. Section 4.0 presents a
detailed discussion of the various treatment alternatives, as well as the differences, limitations and
advantages of each. Section 5.0 compares the treatment technologies that are considered to have
the highest potential applicability at IAAP based on three rating criteria: effectiveness;
implementability; and cost. The recommendations for treating the contaminated soils/sediments
are highlighted in Section 6.0. Section 7.0 lists references.

1-5

Yes
No
Stockpile for
Treatment 1 4 - - - - - - - - - ' - i

.

!I Yes

LDR's
Met?

Above Groundwater
Table?

~ 10'5

"'__.. _._.. __

__..

. __ __ _

N.

Above Summers
Model?

Yes

LDR's No Leave in
Met?
Place'

10-8

G.W. Risk
10 -I

G.W. Risk

Yes

No

No

I•

_y

Source: CDM Federal Programs Corp.

Above Summers
Model?

No

!
.

No

10-1
Above Soil
PRG's?
Soil Risk
'-_-,--_....J

···::

I
i..

Above Soil
PRG's?

Yes

Yes
Soil Risk?

I

No

Discretionary

DiBCJ'etionary

Use

Use

Iowa Army Ammunition Plant
Middleton, Iowa

jJ>L1EXUS §f-:;jfjEN7rIFIC

(~ORPORATION

Line 1 & 800
Removal Action
Decision Flow Chart

Figure No.:

1-1
6/95

2.0

SITE CHARACTERIZATION

2.1

Site Description and Background

2.1.1 IAAP Background
IAAP is located in Middletown, Des Moines County, Iowa. The plant lies in a rural area
approximately seven miles west of Burlington and abuts Route 34 on the north, the town of
Augusta to the south. IAAP is located about one mile north of the Skunk: River and eight miles
west of the Mississippi River (Figure 2-1).
The plant is a Government-Owned,
Contractor-Operated (ooCO) installation that encompasses 19,127 acres. The Installation is
currently operated by Mason & Hanger-Silas Mason Company and is under the command of the
U.S. Army Armament, Munitions, and Chemical Command.

The Installation has been operating as a Load, Assembly and Packing (LAP) facility since it began
production circa 1941. Operations have included use of explosive materials and lead-based
initiating compounds in the production of projectiles, mortar rounds, warheads, demolition
charges, anti-tank: mines, anti-personnel mines, as well as the various associated components such
as primers, detonators, fuses and boosters. Historically, the accepted practice for munitions
production operations often resulted in discharge of wastewater containing explosive compounds
and by-products to surface water holding ponds and impoundments. As a result of this practice,
contamination of soils, sediments, surface waters and groundwater have been identified at IAAP.
The Army is currently conducting a Remedial InvestigationlFeasibility Study (RIlFS) under the
Installation Restoration Program. Environmental study and clean-up of IAAP are being
conducted under the auspices of the FFA signed by both the USEPA Region VII and the U.S.
Army in 1990.

2.1.2 Physical Setting
IAAP, located within the Dissected Till Plains section of the Central Lowlands Province, is
characterized as having relatively flat-lying topography in the northern portion with rolling terrain
and shallow drainage in the central portion, and a gently undulating upland plateau with steep hilly
areas near the margins of the stream valleys and in the southern portion. Elevations range from
2-1
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approximately 530 to 730 feet above mean sea level, generally sloping toward the south-southeast
(USATHAMA, 1980).

The Installation is drained by three major streams. Long Creek drains the western 11,500 acre
portions of the Plant originating about two miles north of the Plant's northwest comer and exiting
the property along the southwestern boundary. Long Creek converges with the Skunk River
immediately south of IAAP and flows to the Mississippi River. Brush Creek drains the central
4,500 acres of the facility, originating as a spring in the northern portion and exiting along the
southeastern boundary where it flows into the Skunk and Mississippi Rivers. Spring Creek drains
the eastern portion of the Plant originating just north of the property and exiting at the southeast
comer towards the Mississippi River. The drainage area of Spring Creek is estimated to be 3,000
acres (USATHAMA, 1980).

Soils at IAAP include the following four soil groups: Mahaska Group, Ladoga Group, Clinton
Group, and Wabash-Judson Group (US Department of Agriculture, 1983). These medium to fine
grained sandy silt alluvial sediments are underlain by loess deposits from 2 to 4 feet thick and a
glacial till deposit ranging from 0 to 140 feet in thickness. The till is mainly of the Pleistocene
period and is variable in composition with many discontinuous layers of clay (JAYCOR, 1994).
The bedrock underlying IAAP is fractured consisting of a sequence of limestone interbedded with
These sedimentary rocks generally strike
varying thickness' of shales and sandstones.
northwest-southeast and dip gently northeast (Harris et aI., 1964).

The low vertical conductivity of the upper fluvial deposits results in a shallow water table and
local perched conditions. The groundwater flow in this drift aquifer is strongly controlled by
surface topography and is generally consistent with surface drainage patterns (SCS, 1981). The
shallowest bedrock aquifer is the Mississippian aquifer which lies within the Warsaw Formation
(Battelle, 1984). Groundwater in this aquifer flows via fractures, joints and bedding planes and so
is influenced by the bedrock surface dips and crack interface planes. Beneath the Mississippian
aquifer lie the Devonian and the Cambro-Ordovician aquifers, the latter of which (at a depth of
approximately 1,500 feet) serves as the principal water bearing zone for IAAP (JAYCOR, 1994).
However, both groundwater recharge and discharge mechanisms are evident at IAAP, suggesting
at least some hydraulic communication between the uppermost drift and bedrock aquifers and the
surface water sources.
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The climate at lAAP is characterized by hot, humid summers and cold, wet winters
(USATHAMA. 1980). The average annual temperature is 52° F with a range of -27°F to 111°F.
Average annual precipitation is 40.6 inches with historical variations from 25.6 inches to 48
inches, about 25 to 33 percent of which falls as snow during the winter (IA YCOR, 1994).

2.1.3 Line 1 Impoundment Area
The Line 1 Impoundment is located in the northeastern quadrant of IAAP along the upper
drainage area of Brush Creek (Figure 2-2). Although estimates are not available of quantities
discharged, during the period from 1948 through 1975, the Line 1 generated a large volume of
explosive wastes and pink water (Dames & Moore, 1985). A dam was constructed across Brush
Creek in 1948 to form an impoundment for the purpose of capturing effluent that was discharged
from Line 1 operations (SCS, 1981) (Figure 2-3). The primary purpose of the dam was
apparently to allow settlement of particulates present in the explosives-containing wastewater
prior to discharge further downstream. The upstream extent of the impoundment during periods
of high flow conditions was reported to be 2,400 feet covering an estimated 7.5 acres. However,
the normal reported surface coverage was estimated at 3.6 acres extending approximately 1,300
feet upstream of the dam.

According to the draft final FS Report, (IAYCOR 1994), the wastewater and resulting sediments
contained primarily TNT and associated degradation products. Additionally, minor amounts of
coal, boiler condensate water and fly ash may have been released to the impounded water. In
1957, the dam and an undetermined amount of the accumulated sediments were removed from
Brush Creek (IA YCOR, 1994).

The impoundment area is now typically dry with vegetative cover consisting of grasses, low lying
woody plants and small caliper trees. Brush Creek flows within steeply graded sides through the
impoundment at a rate estimated at 3 to 10 gallons per minute (JAYCOR, 1994). Due to the
close proximity of the water table to the ground surface, and the sandy silt soils and sediments,
the area becomes saturated during times of extensive precipitation. The overburden of unknown
thickness, is reported to be minimally 2.5 feet thick, underlain by up to 50 feet of sandy, silty clay
till and/or silty clay loess and alluvial deposits (IA YCOR, 1994).
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The depth to groundwater in monitoring wells constructed in the vicinity of the Line 1 site has
been from a feet to 5.4 feet (CDM, 1995). It was further stated that the shallow groundwater in
the drift aquifer generally flows toward Brush Creek where discharge to the creek is likely.
Observations of outcrops along the streambed further downstream along· Brush Creek indicate
that a direct surface water/groundwater interconnection is possible between the creek and the
upper bedrock aquifer. The depth to bedrock in well at the Line 1 Impoundment is estimated to
be approximately 100 feet (CDM, 1995).

2.1.4 Line 800 Pink Water Lagoon
The Line 800 Pink Water Lagoon is located in the South East quadrant of IAAP to the West of
Brush Creek (Figure 2-2). The lagoon is an un-lined pond approximately 5 acres in extent and 4
feet deep when filled to the top of the surrounding earthen berm (Figure 2-4). Approximately one
to two feet of water remain captured within the pond without discharge into Brush Creek. The
primary wastes assumed to have been disposed at this site are process and wash water carrying
dissolved and particulate explosive compounds. The primary activity at Line 800 was ammunition
renovation which included metal treatment facilities. Chemical wastes (hexavalent chromium and
other heavy metals) from the metal treatment facilities in Line 800 may have been deposited in the
lagoon and dumped as sludge on an area adjacent to the lagoon southwest comer (JAYCOR,
1994). Historical volumes or quantities of effiuents entering this lagoon system are not known.
The lagoon and associated leaching field were constructed in 1943 and used until 1945, then
reportedly received wastes from 1951 until 1955 (USATHAMA, 1980).

Along the dip in surface topography between the lagoon and Brush Creek, a series of five
depressions is evident ranging in size from about 20 to 100 feet in diameter (Figure 2-4). The
depressions are believed to have served as settling ponds. They appear to have linked the lagoon
and a Brush Creek tributary paralleling the ponds by valved pipes. The operations or waste
management practices of the lagoon/settling pond system have not been determined, however, it is
reported that waste water may have been discharged and allowed to evaporate, infiltrate and/or
run off into the surface drainages. The system also reportedly received waste sludges trucked
from other operations at IAAP and may have served as settling basins to reduce particulate
loading prior to discharge to Brush Creek (JAYCOR, 1994).
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Currently, the settling ponds are dry with grasses and wooded undergrowth. The lagoon contains
about one to two feet of water, well below the top of the surrounding benn. Chemical sampling
indicates that contaminated sediments still remain in the lagoon and settling ponds. The sediments
in the ponds are underlain by a clay-rich overburden with very low penneability. Boring logs have
noted interbedded sands ranging in thickness from 11 to 19 feet although they appear to be very
confined and discontinuous. Beneath this overburden lies a 1 to 5 foot layer of hard silty shale
resting on the Warsaw Fonnation fossiliferous limestone interbedded with layers of shaley clay
and silt (JAYCOR, 1994). Groundwater below the lagoon is mounded and flows radially towards
the surface drainages. The limited hydrographic data indicate a complicated discontinuous pattern
of groundwater gradients, with low yielding bedrock monitoring wells indicating generally little
influence of fracture dominated flow (JAYCOR, 1994).

2.1.5 Inert Landfill Disposal AreaIHazardons Waste Pile
The draft EE/CA (CDM, 1995) indicates that excavated soils and sediments from the Line 1
Impoundment and from the lagoon and settling ponds at Line 800 will be segregated and placed
into two separate constructed disposal facilities in the Inert Disposal Area (IDA) located about
12,000 feet from Brush Creek (Figure 2-5). This 14 acre facility consists of 6 sanitary landfill
trenches, a burning field, a metal salvage operation, a sludge drying bed, and a clay lined holding
area fonnerly used to store sludge generated by metal cleaning operations at Lines 3 and 800.
One of the disposal cells, Trench 5, also received ash from the open burning of explosives and
explosive contaminated waste, and from the contaminated waste processor and explosive waste
incinerator from November 1980 until October 1983 (CDM, 1995). Following USEPA listing,
these wastes were covered and the northern portion of Trench 5 was capped in accordance with
RCRA Subtitle C requirements.

On-site landfilling at the IDA occurred from 1941 until 1991. The Inert landfill received
residential and cafeteria refuse and garbage, broken pallets, plastic, tin cans, scrap lumber, empty
crushed fiber drums, unsalvageable paper and cardboard, and asbestos insulation which had been
placed in double plastic bags (CDM, 1995). From November 1980 until October 1983, Trench 5
also received other wastes such as ash from the open burning of explosives and explosive
contaminated waste, and from the contaminated waste processor and explosive waste incinerator
(CDM, 1995). According to that report, the explosive contaminated wastes were placed in the
northern section of Trench 5. This trench was subsequently capped and closed in accordance with
RCRA guidelines following USEPA hazardous waste listing.
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The topography at the IDA is generally flat and gently sloping to the southwest. Surface water
from the area flows into Long Creek located approximately 4,000 feet south of the site through a
small natural drainage ditch and via open trenches located downslope. The direction of
groundwater flow in the drift aquifer is in a southwesterly direction under the western portion of
the site, and in a west-northwesterly direction beneath the east and southeast portions of the site
(CDM, 1995). Flow velocities were reported to be 10 feet/year in the till near the surface and
Ifoot/year 20 feet below ground surface. The CDM report also stated that the upper bedrock
unit flow direction is to the west-southwest with velocities approaching 500 feet/year due to
planar fracture flow.

The upper thin layer of loess and fill materials are underlain by heterogeneous till deposits
(Kellersville Till). These deposits have a hydraulic conductivity of 2.6 x 10-9 cm/sec at 20 to 22
feet below grade (CDM, 1995). According to soil boring logs, the presence of sands in these
upper loesses becomes less dominant with depth, resulting in conditions supportive of
groundwater perching. The till is estimated to be about 108 feet thick at the IDA (CDM, 1995).
Underlying this unit is the Osage Series bedrock formation consisting of cherty carbonate rock
interstriated with minor amounts of shale.

The constructed hazardous waste pile planned for temporary stockpiling of contaminated soils
from the Line 1 Impoundment and Line 800 Lagoon and associated Settling Ponds will be
designed, constructed and operated according to requirements contained in RCRA for waste piles
(40 CFR 264 Subpart L and Subtitle C). The bottom liner will include a 36 inch layer of low
conductivity « 1 x 10-7) clay, a 60-mil HDPE geomembrane layer, a geonet leachate collection
system, and a geotextile separator layer. The cover section will consist of a 20-mil LDPE
geomembrane layer, a geonet drainage layer, a geotextile separator, and a 12 inch soil cover with
vegetative cover. As planned, the stockpile design will meet ISWDR monitoring requirements for
groundwater and soils so that successful performance can be confirmed.

2.2

Previous Removal Actions

There have been no prior removal actions taken specifically in response to the wastes in the Line 1
Impoundment or the Line 800 Pink Water Lagoon or associated settling ponds. However, during
removal of the dam at the Line 1 impoundment an undetermined amount of contaminated
sediments was also removed from the impoundment.
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The Anny conducted an Installation Assessment at IAAP in 1980 (USATHAMA, 1980), with
follow-on investigations of the area through soiVsediment and groundwater sampling beginning
with an Underground Pollution Assessment (SCS, 1981). This was followed with additional
monitoring in a Contamination Study in 1981-1982 (ERG, 1982). Since then, the following
studies have been conducted: Follow-on Study of Environmental Contamination (Battelle, 1984);
Investigation of Groundwater Contamination (ABIlA, 1985); RI (Dames & Moore, 1985);
Endangerment Assessment (Dames & Moore, 1989); Remedial Actions Assessment (Dames &
Moore, 1989); and the FS and follow-on sampling (JAYCOR, On-going). Section 2.3 describes
the findings of those studies as they relate to the characterization of the contamination in this site.

In accordance with the draft final EE/CA (CDM, 1995), IAAP will close all of the existing landfill
cells at the Inert Disposal Area that were previously in operation. Disposal of excavated soils and
sediments from the removal action at the Line 1 Impoundment and Line 800 Pink Water Lagoon
and Settling Ponds will begin in late 1995. Contaminated soils that are the focus of this study will
be removed from the Line 1 Impoundment and the Line 800 Pink Water Lagoon. The soils will
then be placed in the engineered hazardous waste pile, effectively removing them from exposure
to human or environmental receptors. However, in accordance with agreements among
representatives from the USEPA Region VII, IAAP, the U.S. Anny Corps of Engineers Omaha
District and ABC during a meeting at the USEPA Region VII office in Kansas City on January
18, 1995, the removal action is not considered complete until the soils and sediments from the
waste pile have been treated and ultimately disposed.

This agreement satisfies the USEPA

preference for permanent reduction of contaminant toxicity.

2.3

Source, Nature and Extent of Contamination

The discussion in this Section includes investigation findings regarding sampling from the Line 1
Impoundment and Line 800 Pink Water Lagoon and Settling Ponds as determined and reported in
previous studies at IAAP. The soils are to be removed from these areas, segregated and placed in
either a RCRA Landfill for permanent disposal or the RCRA Stockpile for later treatment. This
Evaluation of Treatment Alternatives addresses soils in the RCRA Stockpile.

The following

discussions do not fully characterize the contamination in the original source areas. The chemical
constituency is presented as it applies to the preliminary removal action goals presented in the
EE/CA (CDM, 1995). PRGs are established using risk based numbers developed in the Baseline
Human Health and Ecological Risk Assessment (JAYCOR, 1994) and the Feasibility Study
(JAYCOR, 1994).

These studies identified TNT; RDX;

2,6-dinitrotoluene (2,6-DNT);

cyclo-l,3,5,7-tetramethylene-2,4,6,8-tetranitramine (HMX); trinitro-2,4,6-phenylmetnylnitramine
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(tetryl); 1,3-dinitrobenzene (l,3-DNB); 2,4-dintrotoluene (2,4-DNT); and 1,3,5-trinitrotoluene
(l,3,5-TNB) as potential explosive-related contaminants of concern. In addition, the inorganic
compounds - barium, cadmium, copper and lead - were identified as potential contaminants of
concern. The ranges of detected soil and sediment concentrations observed in various studies as
well as the maximum detected level are listed on Table 2-1.

The preliminary treatment targets shown in Table 2-1 are target levels that were considered in the
evaluation of treatment processes. That is, the process should demonstrate the ability to achieve
these treatment targets given the input concentrations also listed on Table 2-1. The average
stockpile concentrations are considered input values that the treatment process must be capable of
addressing. The evaluation of treatment processes considers if the process is capable of a removal
destruction efficiency adequate to reduce concentrations of TNT and RDX to levels identified as
preliminary treatment target goals. The values in the Table are protective of human health and the
environment for direct exposure and are also protective of groundwater. Values of 47.5 mglkg
TNT and 1.3 mglkg RDX were derived in the draft EE/CA (CDM, 1995) as levels at or below
which groundwater Health Advisory Levels (2 ppb for TNT and 9.5 ppb for RDX) are not
exceeded using simple leaching and partitioning coefficient calculations (Summers Model).

The value of 0.13 mg/l for 2,4-DNT is a treatment target based on the assumption that land
applied, treated soils must be compliant with LDRs. Therefore the TCLP leachate must meet this
goal.

In January, 1995, additional samples were collected by the U.S. Army Corps of Engineers on
expected hot spots and in areas representing data gaps. This study also found that the soils tested
did not exhibit the RCRA characteristics of toxicity, reactivity, or ignitability.

Compounds of concern were identified as those representing a potential risk to human health or
environmental receptor populations. They are TNT and RDX. As discussed in the following
section, acceptable levels of these compounds have been calculated based on scenarios of
movement through the environment and on potential exposure to receptor populations. These
values serve as the preliminary treatment goals in the evaluation of treatment alternatives.
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Chemical concentrations such as barium, copper, chromium, and lead as well as constituency of
buffering chemicals, iron content, minor nutrient, pH, moisture and BTU content are examples of
other parameters that may affect process performance or required process operating requirements
that will be determined thorough treatability testing.

Based on the operational aspects of the impoundment (i.e. wash process water) and on measured
levels of explosives in the soil, it is considered unlikely that pure explosive product is present in
the soil matrix in the Line 1 Impoundment. It is, possible however that crystalline material may be
present in the Pink Water Lagoon.

AEC has determined that soils with concentrations of

explosives below 10 percent by weight do not represent an immediate threat of explosion or
propagation of reactive conditions. Due to the potential for the presence of small chunks or
crystals of highly concentrated explosive material, extreme care must be taken in any soil handling
activities. Safety precautions include blending, use of water and avoidance of dust accumulation.
The primary fire or explosion hazards inherent in any unit process being evaluated are friction,
concentration, mass of the explosive material and degree of confinement of the material. With
proper precautions in design and maintenance the propagation of fire or of the explosive force will
be reduced.

2.3.1 Line 1 Impoundment
The previous sampling locations and sampling results are illustrated in the draft EE/CA (CDM,
1995). The major contaminants detected in the former impoundment area are RDX and HMX at
concentrations up to 210 mg/kg and 61 mg/kg respectively. Previously conducted sampling
(Battelle, 1984; Dames & Moore, 1989) determined that the contaminants reside primarily in the
1 to 2 foot interval. These studies identified only four locations along the creek bed with detected
levels of RDX (up to 100 mg/kg) and HMX at only one location (2.7 mg/kg) in the 2 to 4 foot
sampled interval.

The vertical and lateral extent of this contamination is currently assumed to be within the upper
two feet of surface sediments extending approximately 1,200 feet above the location of the former
dam, and 75 feet west of the creek bed. It has been assumed that, due to the deposition processes
expected to have taken place and based on the current topography, that the contamination is
distributed in the sediments evenly on both sides of the creek. The draft EE/CA (CDM, 1995)
estimated that approximately 24,222 cubic yards would be excavated from the Line 1
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Impoundment containing an estimated mass of 4,884 kg of RDX. This soil is scheduled to be
place in the hazardous waste cell to be constructed at the IDA.

2.3.2 Line 800 Pink Water Lagoon and Settling Ponds
Sample locations and detected concentrations of contaminants in the soils and sediments in and
near the Line 800 Pink Water Lagoon are presented in the draft EE/CA (CDM, 1995). Maximum
concentrations of TNT (9290 mg/kg), RDX (2950 mg/kg), HMX (860 mg/kg), 1,3,5-TNB (200
mg/kg) have been detected in soils and sediments in and around the lagoon. The highest
concentrations have been found in surface soil samples from the sludge dumping area adjacent to
the southwest perimeter of the lagoon. Contamination was determined to be present at
unacceptable levels as deep as six feet below grade in the lagoon. The draft EE/CA (CDM, 1995)
has estimated the volume of soils and sediments to be removed from this area as 76,988 cubic
yards. This volume was estimated to contain approximately 124,305 kg ofRDX and TNT.

2.3.3 Inert Disposal Area
The Inert Disposal Area has been and continues to be included in the Site-wide RI/FS underway
at IAAP. The landfill cells at the site have been covered either with clean soil or by RCRA cap.
The primary exposure route of concern at this location is ingestion of groundwater contaminated
from leaching of soil contaminants (CDM, 1995), although potential impacts to surface water
downslope has also been shown. Compounds identified (CDM, 1995) to be above health-based
criteria in ground and surface water are: 1,I-dichloroethene, chloromethane, antimony, arsenic,
chromium, antimony, beryllium and lead.

The soils described in the above discussions of the Line 1 Impoundment and Line 800 Pink Water
Lagoon contamination are to be segregated based on contaminant load and placed in either of two
disposal facilities to be constructed at the IDA. An additional smaller portion of those excavated
soils will be handled as non-hazardous material and disposed elsewhere. The soils that are most
relevant to the technologies examined in this Report are those that will be contained in the
engineered RCRA Stockpile and are to be treated. The estimated 10,000 cubic yards of material
has been assumed to contain approximately 102,081 kg of RDX and TNT. An attempt to
estimate the concentrations of the various contaminants present in the stockpiled soils is discussed
in Section 3.3.1 of this report.
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2,1
2.4

Summary of Risk Factors

The overall goal of this alternatives evaluation is to reduce the concentrations of contaminants in
landfilled soils. Treatment of soils will enable depositing of remediated soils back into the
environment without the need for RCRA landfill containment. Following treatment, it may be
possible to return treated soils to the area of excavation. A Baseline Human Health and
Ecological Risk Assessment has been previously conducted for the Iowa Army Ammunition Plant
(JAYCOR, 1994). To evaluate the potential for replacement of soils, site and chemical specific
risk factors are summarized and evaluated for the Line 1 Impoundment and the Line 800 Pink
Water Lagoon.

Selection procedures for contaminants of concern include all compounds that are not naturally
occurring (explosives). For naturally occurring constituents, such as metals, contaminants of
concern are identified by comparing observed concentrations in the environmental media to
background concentrations.

Consistently elevated metals concentrations are identified as

contaminants of concern. For surface water, metals exceeding Ambient Water Quality Criteria
(AWQC) may not be selected as contaminants of concern if background levels are close to or
exceed the AWQC also. Contaminants of concern are listed in Table 2-1.

2.5

Current Use

Several potential human exposure pathways were identified under the current land use scenario.
Evaluation of exposure pathways provides a number of plausible scenarios warranting quantitative
evaluation to estimate human risk. The exposure scenarios are presented in detail in the baseline
risk assessment (JAYCOR 1994).

For the Line 800 Pink Water Lagoon and Settling Ponds, Human consumption of venison from
deer that drink contaminated water and feed on vegetation growing in areas of contaminated soil
and the inhalation of dust by IAAP maintenance personnel were evaluated. For the Former Line 1
Impoundment, Human consumption of venison from deer that drink contaminated water and feed
on vegetation growing in areas of contaminated soil, consumption of beef and dairy products from
cattle that drink water from Brush Creek, and dermal contact with surface water and sediment by
children with access to Brush Creek south ofthe IAAP boundary were evaluated.
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2.6

Future Use

One potential human exposure pathway was identified under the future land use scenario for each
of the study areas. For both the Former Line 1 Impoundment and the Line 800 Pink Water
Lagoon, the consumption of groundwater from potential future shallow off-site wells along Brush
Creek was evaluated.

2.7

Significant Risk Factors

Human risks have been evaluated by comparing possible human exposure routes to estimates for
contaminant exposure. Two pathways were found to exhibit risk levels in excess of 10-7 . These
pathways are the potential consumption of groundwater impacted by former Line 1 Impoundment
and the potential future consumption of groundwater impacted by the Line 800 Pink Water
Lagoon.

Preliminary remediation goals (pRGs) have been developed for return of treated soils to the
Former Line 1 Impoundment and the Line 800 Pink Water Lagoon (CDM, 1995). In order to
accomplish this ultimate soil disposition, treated residuals must be shown to be protective of
human health and the environment, and be compliant with ARARs. This latter compliance is
discussed in Section 3.3.2. The potential risks to human health and the environment consider
potential for exposure to contaminants by direct exposure to the soils and by ingestion of
groundwater that may become contaminated through leaching mechanisms moving these
compounds into and through the aquifer. To account for these various scenarios, a simple
partitioning model was used to derive values for TNT and RDX that can not be exceeded in order
to assure that groundwater concentrations remain below Health Advisory Levels (2 ppb for TNT
and 9.5 ppb for RDX). The resulting calculated values listed in Table 2-1 (47.5 mg/kg TNT and
1.3 mg/kg RDX) are lower than those listed as action levels for the removal action (CDM, 1995)
that were based on direct exposure to the soils.
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TABLE 2-1 SUMMARY OF STOCKPILED SOILS
Preliminary
Treatment
Target (ppm)

Maximum
Detected
Concentration
(ppm)
Line 1
Impoundment
6.4 (0-2')(1)

Maximum
Detected
Concentration
(ppm)
PWLagoon &
Settling Ponds
2000 (0-1. 5,)(1)
300(5-6.5')Cl)
3.6(lO-11.5')Cl)
9290(4)

Estimate of
Average
StockPile
Concentration
(ppm)
5,645

47.5

RDX

400 (0-2/)(1)
100 (2-4,)(1)

800 (0-1.5,)(1)
2950(4)

1,875

1.3

HMX

61 (0-2')C2)

110 (0-1.5')C2)
860(4)

N/A

51,000

1,3,5 TNB

80 (2)

200 (0-1.5')(1)
14 (5-6') (2)

N/A

102

9. 1(5-6')Cl)
30 (I)

N/A
N/A

2,6DNT

40 (2)

N/A

Tetryl

33 (3)

N/A

26.6 (10-8')C1)
903 (3)

12 (.5-1.5') (2)
430 (3)

5

N/A

200

N/A

1.5 (.5-1.5') (2)
10 (3)

0.7

N/A

Chromium

0.78 (0-2,)(1)
56(3)

18

N/A

Copper

20 (1)

290 (3)

19

N/A

150 (I)
89 (1)

19 (1)

21

N/A

360 (I)

62

N/A

Chemical
Constituent

2,4,6 TNT

I

1,3 DNB
2,4DNT

Arsenic
Barium
Cadmium

Lead
Zinc

3.7 (0-2') (I)
1.0 (I)

(5)

I

0.13

(TCLP)

Contaminants of Concern (2) -- RDX; HMX; Tetryl; 1,3-DNB; 2,4-DNT; 2,6-DNT;
1,3,5-TNB; 2,4,6-TNT; Barium; Cadmium; Copper; Lead.

0)
(2)
(3)

(4)
(5)

Batrelle. 1984
Dames & Moore, 1989
ERG,1982
USACE, 1995 (unpublished)
CDM, 1995
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3.0

IDENTIFICATION OF REMOVAL ACTION TREATMENT OBJECTIVES

3.1

Statutory Limits on Removal Actions

The NCP codified in 40 CFR 300.415 stipulates statutory limits for removal actions including
restrictions of $2 million fund (Superfund) financing and a 12 month duration for actual removal
activities. Waivers to these limits are provided for in the NCP. Waivers are warranted when the
lead agency determines that site risks or the removal response is consistent with the remedial
action planned for the site. These limits do not apply to the planning phase of a Removal Action
(i.e., EE/CA). Statutory authority pertains to sites that are funded through the Superfund
program. The Army plans to finance the removal action addressed by this report and the
accompanying EE/CA with funds from the DoD Defense Environmental Restoration Account
(DERA), which requires special authorization for funding in excess of 2 million dollars. The
treatment and ultimate disposal of contaminated soils/sediments are considered to be part of the
full removal action.

3.2

Site Conditions That Justify a Removal Action

The NCP (Section 300.65, paragraph (b)(2)) lists eight factors that should be considered when
the appropriateness of a removal action is being considered. Consideration of these factors also
guides the determination of removal action goals. The FF A, which controls CERCLA response
programs at IAAP, has indicated that persons living within 3 miles of IAAP are using drinking
water from the drift aquifer which has been determined to have been impacted locally in the
vicinity of the Pink Water Lagoon. High levels of explosives detected in surface water and
sediment samples from the Lagoon and Line 1 Impoundment may also impact downstream
receptors. The Army has determined that this potential for direct exposure of humans or wildlife
to hazardous substances contained in the sediments in these source areas, as well as, the potential
for those substances to migrate to nearby sensitive receptor populations, or to the drinking water
aquifer, justify the conduct of the removal action at the Line 1 Impoundment and Pink Water
Lagoon and Settling Ponds. Although the draft EE/CA (CDM, 1995) addresses these concerns
by eliminating the threat of exposure through removal and containment, the preference for
permanent reduction in toxicity expressed in the NCP and by the USEPA is not satisfied.
Treatment of the most highly contaminated soils and sediments in accordance with
recommendations developed by and resulting from this adjunct study of treatment alternatives will
successfully satisfy that preference.
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3.3

Determination of Removal Action Scope

3.3.1 Removal Action Goals
The draft EE/CA (CDM, 1995) states that the goal of the removal is "to reduce the risk that
contaminants from the former Line 1 Impoundment and Line 800 Pink Water Lagoon pose on
human health and the environment" and that "the specific objective of the removal action is to
eliminate the possible pathways identified in Section 1 of the EE/CA". The pathways listed were:
1) Ingestion of windblown surface soil that may be contaminated, by on-site workers or
visitors of the site.
2) Inhalation of windblown surface soil that may be contaminated, by on-site workers or
visitors of the site.
3) Ingestion of groundwater contaminated from leaching of contaminants from soils.

The draft EE/CA establishes PRGs based on the direct exposure pathway of contaminants to
human receptors. It also addresses the potential for soils that are contaminated below the PRGs
to impact groundwater and elevate concentrations of contaminants of concern above the Health
Advisory Levels (2 mg/L for TNT and 9.5 mg/L for RDX). By using a simple partitioning model
(Summers) for precipitation and the resultant leaching, it was determined in the EE/CA that soils
with levels of TNT above 47.5 mg/kg and of RDX above 1.3 mg/kg would also need to be
excavated in order to be protective of groundwater in the source areas. The engineered
containment structures are designed to be protective of all potential exposure routes.

This Evaluation of Treatment Alternatives identifies technologies that provide long-term
(permanent) protection of human health and the environment. Consequently, protection of
groundwater and surface water is considered as a treatment objective as well as protection of
health due to direct exposure to the soils. That is, the ultimate disposition of the treated soils
must not impact groundwater or surface water to the extent that it would present a threat to
human health or the environment in addition to complying with goals for eliminating a threat by
direct exposure to the soils. Therefore, the preliminary remedial goals developed in the FS
become relevant to the treatment of the soils involved in this removal action. These goals then
provide design target concentrations for the treatment processes being considered in this
evaluation. It should be further noted that the language included in CERCLA recognizes that
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treatment goals based on an evaluation of potential risks may be more restrictive (i.e. result in
lower levels) than achievable by current technology.

In such cases, consideration is given to establishing ultimate cleanup goals that are limited by
technology, thereby raising the previously established preliminary goals. This may also apply to
situations where the contaminant-specific calculated risk-based goals result in lower
concentrations than can be quantitatively determined through USEPA-approved analytical
methodology.

The preliminary removal action goals for the development of treatment alternative design targets
are taken from the evaluation of potential risks as described in the IAAP FS (JAYCOR, 1994).
The values for contaminants in the RCRA Stockpile are shown given in Table 2-1. For the
treatment process to be designated as effective and implementable, evidence must exist that the
technology can successfully treat the contaminants of concern to levels that are fully protective of
human health and the environment at IAAP as presented in Table 2-1. These values become the
design targets for the treatment systems being evaluated in this study. For some of the
technologies evaluated, the process may result in intermediate compounds that demonstrate toxic
properties. Treatment goals for intermediate products have not been established in this study,
however, the toxicity and, in some cases, environmental fate and transport have been researched
and relevant information and reference citations are included in the alternative effectiveness
evaluation.

As discussed in Section 2.3, the quantity of soils to be placed in the RCRA Stockpile have been
conservatively calculated at 10,000 cubic yards. A 100 foot by 100 foot sampling grid is
proposed in the draft EE/CA to attempt to limit the excavated soils to those that exceed action
levels. The exact extent of the soils contaminated to this level would be verified prior to actually
conducting the removal action either in an investigative study prior to designing the removal
action or during the conduct of the removal action. Verification sampling to definitively determine
that no soils remain at the site which exceed action levels would be performed as the removal
action is completed.

In order to determine the concentrations of contaminants in the stockpile, the estimates given in
Appendix I of the draft EE/CA (CDM, 1995) were used. The weighted average concentration for
TNT was 5645 mg/kg assuming that the bulk density of the 10,000 cubic yard of stockpiled soils
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is 3000 lb/cubic yard. Similarly, the calculated average concentration ofRDX was listed as 1875
mg/kg. The resulting weighted average concentration estimates were used as representative input
values to the treatment processes (Table 2-1). It is recognized that stockpiled soils may not be
homogeneous with respect to chemical or physical constituency. As the soils/sediments are
excavated, transported and stockpiled, they will be undergoing a certain amount of indiscriminate
mixing. Additionally, they will be further homogenized during a physical processing step prior to
entering the treatment train due to process requirements for particle sizing, and possibly
adjustments to moisture or pH, nutrient additives or augmentations.

The method used to estimate input contaminant concentrations is subject to several limitations,
including limited analytical data, heterogeneous dispersal of contaminants through the soils,
physical/chemcial constituent and matrix variations. However, at this stage of conceptualization,
this method of estimation is considered appropriate. Additional sampling of soils and sediments
to be removed is recommended to more completely delineate areas requiring excavation. Prior to
actual design of the treatment system, additional sampling of stockpiled soils is required to define
treatment operating and performance parameters.

3.3.2 Compliance with ARARs
The CERCLA requires that remedial actions performed at Federal facilities, as well as
Superfund-financed remedial actions, comply with all ARARs (40 CFR 300.415(i».
Consequently, compliance with ARARs is viewed as a "threshold' criterion in the selection of final
remedies. A remedial alternative must comply with ARARs to be considered a viable final remedy
unless a waiver is granted (Section 3.3.2.2). Because removal actions are not necessarily the final
remedy for a site, it is not imperative that a particular removal action achieve compliance with all
ARARs; it is important, though, for removal actions to achieve compliance with ARARs to the
maximum extent practicable.

o

Applicable Requirements are defined as cleanup standards, standards of control, and other
substantive requirements, criteria or limitations promulgated under federal or state
environmental law, or facility siting laws that specifically address a hazardous substance or
contaminant, remedial action, location or other circumstance found at a CERCLA site.

o

Relevant and Appropriate Requirements, while not directly "applicable" under laws or
regulations, address problems or situations sufficiently similar to those encountered at the
CERCLA site, that their use is well suited to the particular site.
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Collectively, ARARs are regulatory requirements, criteria, or limitations that address either
pollutants, actions taken at sites, locations or other site circumstances. Other federal and state
guidance documents, advisories, or criteria that are not generally enforceable do not have the
status of ARARs , but may be identified as criteria "to be considered" (TBC). TBCs may be used
to develop remedies when no specific ARARs exist for a chemical or situation, or when such
ARARs are not sufficient to be protective.

This section discusses the types of ARARs, waivers from ARARs, and the applicability of specific
ARARs to the remedial alternatives under consideration for the contaminated sediments from the
Line 800 Pink Water Lagoon and the Line 1 Impoundment at IAAP.

3.3.2.1 Types of ARARs
Compliance with three types of ARARs is required by CERCLA. The following paragraphs
describe each of the three types of ARARs in general. Section 3.3.2.3 discusses ARARs specific
to the proposed removal actions at the IAAP site.

o

Chemical-Specific ARARs. Chemical-specific ARARs include requirements for specific
substances found in environmental media such as the Ambient Water Quality Standards
promulgated under the Clean Water Act, Maximum Contaminant Levels (MCLs) for public
drinking water, and the National Ambient Air Quality Standards (NAAQS) for air quality.
When more than one ARAR applies to a specific chemical, the more stringent ARAR takes
precedence.

o

Action -Specific ARARs. Action-specific ARARs are specific to a remedial action, rather
than a specific chemical, and regulate activities that occur during implementation of removal
or remedial measures. For example, action-specific ARARs include requirements for the
proper management of hazardous wastes generated at a site RCRA, and requirements for the
proper treatment and discharge of wastewater generated at a site (Clean Water Act).
Action-specific ARARs may contain concentration limits for certain chemicals, but may also
include methods to be used to achieve those levels, such as the land disposal restrictions of
RCRA (40 CFR 268).

o

Location-Specific ARARs. Location-specific ARARs are considered in view of natural or
man made site features. Examples of natural site features include wetlands, scenic rivers, and
flood plains. Man-made features could include, for example, the presence of historic districts.
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Location-specific ARARs govern activities at the site based on its location and surroundings
and include requirements such as restricting construction activities within the 100-year
floodplain, or mitigating wetlands impacted by site activities.

3.3.2.2 Waivers from ARARs
Removal actions must comply with ARARs to the extent practicable. An alternative may receive
a waiver from compliance with an ARAR under the following circumstances (40 CFR
430(f)(1 )(ii)(C»:

•

the alternative is an interim measure that will become part of a total remedial
action that will meet ARARs;

•

compliance with the ARAR will result in greater risk to human health and the
environment than other alternatives;

•

compliance with the ARAR is technically impracticable;

•

the alternative will attain a standard of performance that is equivalent to that
required under the otherwise applicable ARAR; or

•

for state requirements, the state has not consistently applied or demonstrated the
intention to apply the requirement at other similar sites within the state.

The urgency of the situation and the scope of the action are considered in determining whether
compliance with ARARs is practicable for removal actions.

3.3.2.3 ARARs Applicable to Remedial Alternatives
This report evaluates potential alternatives for the ultimate disposition of the estimated 10,000
cubic yards of contaminated soils and sediments that will be excavated from the former Line 1
Impoundment and the Pink Water Lagoon and stored in a RCRA waste pile (as recommended in
Draft Engineering Evaluation/Cost Analysis for the Pink Water Lagoon and the Line 1
Impoundment at Iowa Army Ammunition Plant, Middletown, Iowa, Contract Number
DACW45-93-D-004, CDM, 1995). The alternatives under consideration for the ultimate
treatment/disposal of these soils and sediments include the following:

•

Alternative 1: no action;

•

Alternative 2: on-site incineration with land disposal of ash (RCRA or non-RCRA
pending analysis of the ash);
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•

Alternative 3: on-site biological treatment using an aerobic bioslurry followed by
spreading treated material on-site;

•

Alternative 4: on-site biological treatment using an anaerobic bioslurry followed
by spreading treated sediments on-site; and

•

Alternative 5: on-site biological treatment using windrow composting followed by
spreading treated material on-site.

The management of these sediments in a RCRA waste pile will invoke one set of ARARs, while
the ultimate treatment or disposal of the sediments will invoke a second set of ARARs. Potential
ARARs are presented and evaluated for applicability in the following paragraphs. A complete list
of all ARARs applicable to the site is presented in Appendix B.

Chemical-Specific ARARs
The draft EE/CA (CDM, 1995) states that the extent of sediment removal from the impoundment
and lagoon will be determined by the following:

•

Preliminary Remediation Goals (PRGs) established in a site specific Endangerment
Assessment (JAYCOR, 1993); and

•

Risk-Based Concentration Table published by USEPA Region III (USEP A, 1994)
for an industrial scenario.

Although these site-specific, risk-based cleanup levels are critically important as remedial action
objectives, they are TBCs rather than ARARs because they are not promulgated standards. These
TBCs represent the other threshold criterion in the remedy selection process - "overall protection
of human health and the environment".

Chemical specific ARARs include:

•

Clean Water Act: 40 CFR 122,125

•

Iowa Air Pollution Control Regulations (IAPCR): Chapter 567-23,24

Excavation of sediments from the impoundment and lagoon will be performed in compliance with
each of these TBCs and ARARs. The extent of sediment removal will be determined by the PRGs
and risk-based concentrations established by USEPA.

Water resulting from excavation,

decontamination and precipitation will be treated and discharged in accordance with the facility's
NPDES permit, in compliance with the Clean Water Act. Iowa Air Pollution Control Regulations
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control the erntSSlons of hazardous air pollutants and fugitive dust erntsSlons. Sediment
excavation will be conducted in compliance with the IAPCR to minimize dust and fugitive
emissions. Table 3-1 presents potential chemical-specific ARARs for the contaminated sediments.
Chemical specific ARARs applicable to treatment and/or disposal of the contents of the waste pile
are specific to the alternative selected for treatment and disposal. Therefore, treatment/disposal
standards will be considered as action-specific ARARs and are discussed below.

Action-Specific ARARs
ARARs for Waste Pile. Table 3-1 summarizes potential action-specific ARARs. The following
ARARs apply to management of the contaminated sediments in a RCRA waste pile:

•

RCRA Requirements for Management of Hazardous Waste in Waste Piles (40
CFR 264 Subpart L)

•

Clean Water Act

•

Iowa Water Pollution control Regulations (IWPCR): chapter 567-37, 38, 39, 40,
49

•

Iowa Solid Waste Disposal Regulations (ISWDR)

•

Iowa Hazardous Substance and Waste Regulations (rnSWR): Chapter 131, 140,
141, 149

•

Iowa Hazardous Waste Disposal Penalty Law (IHWDPL): Chapter 7168

•

Iowa Air Pollution Control Regulations (IAPCR)

The waste pile must be designed, constructed and operated in accordance with 40 CFR 264
Subpart L and the state rnSWR, which contains detailed requirements for the management of
hazardous waste in waste piles. Federal regulations require design ofthe waste pile to prevent the
migration of waste by surficial processes and prevent leachate generation.

The waste pile must be lined, and must include a leachate collection system. Federal regulations
also include requirements to protect the waste pile from surface water run-on, control of waste
dispersal by wind, and to prevent contamination of underlying soil and ground water. The federal
design and construction requirements in 40 CFR 264 Subpart L are equivalent to those of the
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ISWDR, however the ISWDR also contain criteria for siting and construction of monitoring
wells.

The construction and management of a hazardous waste pile will also be regulated by the IAPCR,
which limits emissions of hazardous air pollutants, and fugitive dust emissions. The hazardous
constituents to be contained in the waste pile are not volatile, and the waste pile will be
constructed to minimize fugitive emissions.

ARARs for Treatment/Disposal of Sediments. Some of the action-specific ARARs for the four
alternatives under consideration are the same, while others are unique to a specific removal action

alternative. ARARs that will apply to the removal action alternatives considered for treatment
and disposal of the contaminated sediments are listed below.

•

RCRA - Standards for TSD Facilities

•

RCRA Land Disposal Restrictions

•

RCRA Requirements for Hazardous Waste Incinerators (40 CFR 264 Subpart 0)

•

RCRA Requirements for Generators and Transporters

•

Iowa Hazardous Substance and Waste Regulations (IHWDPL):
140, 141, 149

•

Iowa Hazardous Waste Disposal Penalty Law (IHWDPL): chapter 7168

•

Occupational Safety and Health Act (OSHA)

•

Clean Water Act (40 CFR 122,125)

•

Iowa Water Pollution Control Regulations (IWPCR):

•

Clean Air Act

•

Iowa Air Pollution Control Regulations (IAPCR)

Chapter 131,

Alternatives 2 through 5 involve treatment of sediments, followed by redepositing the treated
materials on-site. IAAP has operated since 1941 as a LAP facility for munitions. TNT, RDX,
HMX and lead-based initiating compounds have been or are being used at IAAP. Two RCRA
waste listings specifically apply to explosive wastes (40 CFR 261.32). Pink/red water generated
during the production and formulation of TNT and TNT-containing products are RCRA K047
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listed waste. Waste water treatment sludges generated during the original manufacture and
loading, assembly and packing of reactive explosives (such as TNT, RDX, and HMX) are listed as
K044 waste. The K044 and K047 wastes are listed solely for the characteristic of reactivity and
not for specific chemical constituents. The operations of the Pink Water Lagoon and Settling
Ponds, and the Line 1 Impoundment were not likely to have resulted in deposition and
accumulation of listed wastes (K044 and K047). This is supported by previous sampling results
which indicate levels of contaminants below values which would classifY them as RCRA toxic,
reactive, or ignitable wastes. However, these sediments contain levels above those calculated to
present a potential risk to receptor populations. Based upon the USEPA Contained-in Policy (as
discussed in 56 FR 24458, 57 FR 985, and Cannon (1989)), the sediments and soils excavated
would be considered environmental media contaminated with K044 and K047. Contaminated
environmental media are not considered a solid waste and thus RCRA is not "applicable."
However, RCRA is "relevant and appropriate" and the material is to be managed in the same way
as a RCRA hazardous waste. The treated soil and sediment will be sampled following treatment
and demonstrated to be below the risk based cleanup levels to demonstrate compliance with
LDR's. It has been assumed that the treated soils will, therefore, be managed as non-hazardous
waste and will be land-applied in the IDA. It is also been assumed that these treated soils, having
been managed according to the "derived-from" rules will be demonstrated to be non-hazardous
through the long-term environmental media monitoring program already being implemented at the
IDA.

The USCOE tested sediments from the site for reactivity and analyzed soils using TCLP. The
results indicate that the soils do not exhibit any RCRA hazardous waste characteristics. Testing
by the Army has determined that soils containing less than 12 percent explosives will not explode
when subjected to submerged flame initiation (Arthur D. Little, Inc., 1987).
concentration of explosives found is less than 1 percent by weight.

The maximum

Any water generated in the treatment process that requires discharge will require treatment and
discharge according to a NPDES permit issued under the federal Clean Water Act and the state
IWPCR. The biological treatment processes must also comply with the requirements of the
IAPCR.

All activities at the site must comply with the requirements of OSHA (29 CFR

1910.120) with regard to personnel safety and training issues.

Alternative 2, incineration of the contaminated sediments will require compliance with the RCRA
requirements for hazardous waste incinerators (40 CFR 264 Subpart 0). The ash resulting from
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incineration of the sediments requires management as hazardous waste per 40 CFR 261. (4)c(1),
which may include the RCRA requirements for generators and transporters of hazardous waste.
Air emissions would be governed by the IAPCR, and waste water generated in the incineration
process would require treatment and discharge according to a NPDES permit issued under the
federal Clean Water Act and the state IWPCR. Activities at the site must comply with the
requirements of OSHA, with regard to personnel safety and training issues.

Location Specific ARARs
Location-specific ARARs may apply to the RCRA waste pile and to each alternative for treatment
Potential location-specific ARARs are
and/or disposal of the contaminated sediments.
summarized on Table 3-1. Location-specific ARARs apply to the treatment and disposal
alternatives only if they occur on site. Potential location-specific ARARs include the following:

•

Federal Flood Plain Management Order (40 CFR Part 6)

•

Iowa Floodplain Development Requirements: Iowa Code Section 455B Chapters
70 - 76.

The Federal Flood Plain Management Or~er (FMO) regulates facilities within the 100-year flood
plain and contains regulations to provide for flood contingencies, prevent contamination of water
supplies, and prevent runoff from hazardous waste management areas to other areas. Similarly,
the Iowa Floodplain Development Requirements establish procedures and design constraints for
facilities which are located within the 100-year floodplain. These requirements are not considered
ARARs for the contemplated removal action since the RCRA Stockpile and the removal action

treatment and disposal areas are located outside of the 100-year floodplain (CDM, 1995).

3.3.3 Determination of Schedule
A tentative schedule included in the draft EE/CA which is anticipated prior to the initiation of
construction is presented below:

•

Draft EE/CA: March 30, 1995

•

Comments from USEPA: April 30, 1995

•

Draft Final EE/CA: May 30, 1 995

•

Public Comment Period: May 30 - June 30, 1995
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•

Public Meeting: June 20, 1995

•

Final Action Memorandum/Decision Document: July 15, 1995

•

Construction:* July 30, 1995 - Nov 1, 1996

* Assumed to include development of design plans and specifications
This schedule includes the excavation of soils/sediments from the impacted Impoundment,
Lagoon and Settling Ponds, as well as segregation and placement into the constructed landfill or
RCRA Stockpile.

The tentative schedule for the development and selection of the soil treatment process and for
treatment and final disposal is:

•

Draft Report: June 14, 1995

•

Regulatory Agency Review: July 1 - August 1 1995

•

Proposed Plan - Public Comment Period: August 15 - September 15, 1995

•

Final Action Memorandum/Decision Document: September 30, 1995

•

Commence Treatability and Pilot Study: November 15, 1995

•

Commence Full-scale Treatment/Disposal: April 1 , 1996

•

Treatment Completion /Site Closure: Process Dependent
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TABLE 3-1

ARARs APPLICABLE TO REMOVAL ACTION ALTERNATIVES
Alternative

Chemical Specific

Action Specific

Location Specific

1

No action

CWNlWPCR
CANIAPCR

RCRA requirements for waste piles
RCRA land disposal restrictions
IHSWR
OSHA

FMO
IFDR

2

Waste pile
On-site incineration
Land application

CWA/IWPCR
CANIAPCR

RCRA requirements for waste piles
RCRA requirements for incinerators
RCRA land disposal restrictions
IHSWR
OSHA

FMO
IFDR

3

Waste pile
Aerobic Bioslurry
Land application

CWNlWPCR
CANIAPCR

RCRA requirements for waste piles
RCRA requirements for tank systems
RCRA land disposal restrictions
IHSWR
OSHA

FMO
IFDR

4

Waste pile
Anaerobic Bioslurry
Land application

CWNlWPCR
CANIAPCR

RCRA requirements for waste piles
RCRA requirements for tank systems
RCRA land disposal restrictions
IHSWR
OSHA

FMO
IFDR

5

Waste pile
Composting
Land application

CWNlWPCR
CANIAPCR

RCRA requirements for waste piles
RCRA requirements for land treatment
RCRA land disposal restrictions
IHSWR
OSHA

FMO
IFDR

Abbreviations:
CWA: Federal Clean Water Act
IWPCR: Iowa Water Pollution Control Regulations
CAA: Federal Clean Air Act
IAPCR: Iowa Air Pollution Control Regulations

IHSWR: Iowa Hazardous Substance and Waste Regulations
OSHA: Occupational Health and Safety Act
FMO: Federal Floodplain Management Order
IFDR: Iowa Floodplain Development Regulations
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4.0

IDENTIFICATION OF REMOVAL ACTION TREATMENT ALTERNATIVES

This Section documents the process and rationale for development of removal action alternatives.
Section 4. 1 establishes the basis for detailed evaluation of treatment alternatives by identifying and
initially selecting appropriate candidate treatment options. In Section 4. 1. 1, the various
technologies and processes considered appropriate for treating soils contaminated with explosive
compounds are presented. The most effective options are described and evaluation criteria are
defined in Sections 4.2 through 4.6. Those that are considered most relevant to the IAAP Line 1
and Line 800 Lagoon Removal Action are selected. Process options failing to meet project
objectives are screened from further study.

4.1

Removal Action Treatment Alternative Identification

4.1.1 Treatment Alternative Screening
This study considers only treatment alternatives that can be implemented on-site. The 14 acre
IDA is ideally suited for these activities. Off-site transport and treatment/disposal of the 10,000
cubic yards of contaminated soil would increase the Army's costs and potential liabilities.

Adequate applicable demonstration of the technology is an important selection criteria. Potential
treatment options that are listed by the Federal Transfer Committee of the Federal Remediation
Technology Roundtable in the Remediation Technologies Screening Matrix and Reference Guide
(DOD Environmental Technology Transfer Committee, 1994) as being appropriate for treatment
of soils and sediments contaminated with explosive compounds include: four ex-situ biD-treatment
technologies, incineration, hot gas decontamination, low temperature thermal desorption, open
burning/open detonation (OB/OD), soil washing and solvent extraction. OB/OD is not
considered a viable alternative from an administrative standpoint nor is it considered feasible for
the soils at IAAP. Hot gas decontamination, where soils would be heated for a specific retention
period, then the off gas treated in an after burner system to destroy the volatile emissions is not
considered to be an adequately tested alternative for soils contaminated with explosives. The
remaining options for consideration in this Report are listed below according to treatment
category:
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A) Biological: Composting, Slurry, Landfarming, White-rot fungus
B) Chemical/physical: Soil washing, Solvent extraction
C) Thermal: Incineration, Low temperature thermal desorption.

4.1.2 Biological Treatment
Treatment by biological remediation relies on the aggressive manipulation of growth parameters
to promote degradation of toxic or hazardous compounds using microbial populations. The most
promising biotreatment options for explosive contaminated soil are composting, slurry-phase
treatment, landfarming, and white-rot fungus treatment.

The DoD has been evaluating various composting systems for treating explosive-contaminated
soils and sediments for over twelve years. Composting has been shown to result in drastically
reduced levels of explosives (TNT, RDX, HMX, DNT, tetryl, and nitrocellulose) in the treated
soils. The degradation can involve both aerobic and anaerobic processes allowing treatment of a
wide range of constituents at varying levels. Composting has also been shown to result in an
enriched soil that is capable of sustaining enhanced vegetative growth. Of the three general
categories listed, only windrow composting has been determined thus far to be economically and
technically feasible based on performance demonstrations which have analyzed costs, composting
methodology, volume of contaminated soil, soil throughput, amendment costs, and treatment time
(USEPA, Sept. 1993). Therefore, windrow composting is a treatment technology that has been
selected to be fully evaluated for applicability at IAAP.

Aqueous-phase bioreactor (Bioslurry) technology has recently and is currently receiving a great
deal of attention in treatment studies, demonstrations, and clean-ups by the USEPA, and
Departments of the Army, Navy and Energy. This technology involves combining the
contaminated soils with water and growth enhancing amendments to promote biodegradation.
Two basic processes have been examined: 1) aerobic process slurry reactors; and 2) anaerobic
process slurry reactors. Recent studies utilizing an anoxic treatment method are demonstrating
successful bio-degradation. These processes appear to result in significant degradation of
explosive contaminants in soils and sediments. Unlike composting which tends to result in
binding of contaminants and intermediaries to humic materials in the pile, these bioreactors result
in mineralization of the explosive compounds. In some studies, biotransformation products have
accumulated in the process effluent which require additional treatment. The technology has been
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attempted in above ground bio-reactor vessels and in-ground lagoons. Both designs lend
themselves to good process control. Systems are specifically designed and optimized for
contaminant loading, soil matrix, and physical conditions. Both the aerobic and anaerobic
bioslurry technologies are discussed in detail and evaluated later in Section 504 and 5.5.

The use of white-rot fungus (phanerochaete chrysosporium) has been evaluated in several studies
as a potential degrader of explosives in soils. Although studies have shown success in reducing
levels of explosives and related chemicals by this fungus, several factors have been cited as
possibly overwhelming obstacles to the further development of the technology. These obstacles
include competition from native bacteria, toxicity inhibition, chemical sorption and the in-ability to
meet risk-based clean-up goals. For these reasons and the lack of demonstrated success of
white-rot fungus to successfully treat explosives in varying concentrations to low levels, this
technology will not be considered further in this study.

Landfarming has been shown to be capable of treating soils contaminated with petroleum
hydrocarbons, polycyclic aromatic hydrocarbons, pentachlorophenols, TNT, DNT and DNB. The
contaminated soils are spread over a large surface area and nutrients sustaining biological activity
are added periodically and mixed into the soils. This process typically requires several years to
reach treatment goals and reliable results demonstrating reduction of explosives concentration
below 30-40 percent of the initial concentration are not available. This technology is, therefore
eliminated from further consideration in this study.

4.1.3 ChemciaVPhysical Treatment

The two chemical or physical treatment options listed in the Remediation Technologies Screening
matrix Reference Guide (DOD Environmental Technology Transfer Committee, 1994) as
potentially effective in explosive-contaminated soil remediation are: 1) Soil Washing; and 2)
Solvent Extraction. Soil washing is a volume reduction process where soils undergo a series of
processing steps resulting in cleaned soil particles and an aqueous process eflluent containing
concentrated explosives that requires additional treatment and/or disposal. The Lurgi Process,
developed in Germany, is cited by the USEPA Handbook for Approaches for the Remediation of
Federal Facility Sites Contaminated with Explosive or Radioactive Wastes (USEPA, 1993) and in
the Remediation Technologies Screening Matrix and Reference Guide (DOD Environmental
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Technology Transfer Committee, 1994) as an example of a potentially applicable technology.
This process results in the generation of large volumes of contaminated water and fines which
must be treated by another technology to actually destroy the hazardous compounds. Lack of
published data and demonstrated performance or cost information prevents further consideration
of this process herein.

A recent Superfund Innovative Technology Evaluation (SITE) demonstration has shown TNT
removals of 95 percent with a proprietary process utilizing surfactants and additives in a soil
washing process called the GHEA process (EPN540/F-94/509, September, 1994). This process
is being developed in bench and initial pilot scale studies for treatment of soils contaminated with
petroleum hydrocarbons, aromatic compounds, PCBs, coal tar, heavy metals, and oily sludges.
The lack of adequate field testing on explosive compounds found at IAAP preclude further
consideration of the GHEA process in this study.

The Army examined the potential to use solvent extraction processes for explosives in soils in the
early 1980's. Initial bench-top studies resulted in a 99 percent reduction of explosive
contaminants in soils and transformed into the acetone extract. Pilot-scale analysis was conducted
which determined that inefficient extraction required too many washes, and the solvent would
need to be reused or very efficiently recovered or rejuvenated. These limitations combined with
the obvious inherent safety issues involving processing explosives and solvents, which are
typically highly volatile and flammable, prevent consideration of this technology in this study.

4.1.4 Thermal Treatment

Incineration has been successfully used to treat explosive contaminated soils. Incineration (800° 1,200° F) has been applied to explosives-contaminated soils and sediments in full-scale clean-up
operations at Cornhusker Army Ammunition Plant, Louisiana Army Ammunition Plant, Savanna
Army Depot and Alabama Army Ammunition Plant. The soils at the IAAP Line 1 Impoundment
and Line 800 Pink Water Lagoon and Settling Ponds have been shown to contain less than 12
percent explosives by weight. This level is below the Army threshold for reactivity and the soils
are considered non-reactive. Rotary kiln incineration has been shown to be effective in reducing
levels of explosive contaminants in soils by over 99 percent. Off gases require additional
treatment in a secondary combustion chamber. The process generates ash and process quench
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water. Ash must be tested prior to disposal to confirm that it is not characteristically hazardous
and subject to LDRs. This technology has been demonstrated to be effective in meeting clean-up
goals and is retained for full evaluation in the treatment alternatives analysis in this study (Section
4.2.2 and 5.3).

The Low Temperature Thermal Desorption technology has been used for successful treatment of
volatile organic compounds and is being evaluated as an applicable technology for semi-volatile
compounds such as the explosive constituents identified in the IAAP Line 1 Impoundment and
Line 800 Lagoon and Settling Ponds. While this technology has been shown to reduce levels of
explosive contaminants in soils by up to 95 percent, the simultaneous production of recalcitrant
degradation products (3,5-dinitroanaline, and 3,5-dinitrophenol) in the waste stream have delayed
further development of this technology, thus it is eliminated from further consideration in this
study.

4.2

Alternative Process Option Description

Based on discussion in the previous section, four candidates for quantitative evaluation as
treatment alternatives have been identified. They include three innovative biodegradation
technologies (Aerobic Bioslurry, Anaerobic Bioslurry, and Windrow Composting) and a more
conventional technology for treating explosive wastes - Incineration. These alternatives are
evaluated within the framework of standard rating criteria (discussed in Section 5.1.9) which are
also compared to an alternative that examines the impact of implementing no action.

4.2.1 Alternative 1: No Action
The No-Action alternative is included in this evaluation as a baseline means of comparison.
Subpart F of the NCP specifies that this option be fully evaluated as a basis of comparison to
alternatives being considered for full remediation of a CERCLA site. The action being addressed
by this evaluation is a removal action prior to implementation of full remediation as dictated by
the site-wide FS. The No-Action alternative is considered an appropriate evaluation tool in this
instance since containment of the contaminated soil/sediments in the Hazardous Waste Pile is a
part of the recommended removal action option selected in the draft final EE/CA for the Line 1
Impoundment and Line 800 Lagoon (COM, 1995).

4-5

Effectiveness and implementability of each treatment alternative identified above are compared to
the No-Action scenario. Under the No-Action Alternative the soils/sediments would remain in
the constructed hazardous waste pile. Containment and the resulting protection afforded to
human health and the environment will continue as long as the cap is maintained. The Pile is
designed to eliminate both the exposure and migration pathways of the contained wastes. The
EE/CA (CDM, 1995) states that construction of the pile will be in accordance with 40 CFR 264
Subtitle C and will meet closure requirements specified in 40 CFR 264 Subpart L. This includes
requirements for protection of the Stockpile from surface water run-on, control of waste dispersal
by wind, prevention of contamination of underlying soils and groundwater, prevention of
migration of waste by surficial processes, prevention of leachate generation and accumulation and
specific bottom and cover composite liner specifications. Design and monitoring specifications
are detailed in the draft EE/CA prepared by CDM (1995).

Also, in order to meet State ISWDR requirements, monitoring is necessary to assure compliant
performance of the closure system. This includes installation and sampling of groundwater
monitoring wells and sampling of soils and surface water to assure continued compliance with
PRGs for 30 years after closure. The costs for the monitoring and maintenance activity associated
with this alternative are included in the draft EE/CA (CDM, 1995) for a period of ten years.
Costs are extended to 30 years to account for the required monitoring in order to evaluate the
No-Action Alternative in comparison to the other treatment alternatives.

4.2.2 Alternative 2: Incineration
Presently, incineration is the accepted technology for remediation of TNT, RDX, HMX, and
related explosives via the complete oxidation of the original molecules to products such as CO2,
(NOx)' and Hz0 (USEPA, 1993). The rotary kiln incinerator is the system most often used to
treat contaminated soils. In rotary kiln incineration, soils are fed into a primary combustion
chamber, or rotary kiln, where organic constituents are destroyed. Waste is combusted in an
inclined cylindrical, refractory-lined shell. The incinerator is generally heated to temperatures
ranging from 1,2000 F to 1,8000 F by burning of fossil fuels. Most of the heating of the waste is
due to heat transfer from the combustion product gases and walls of the kiln. Wastes are
introduced into the kiln at the higher end and are passed through the combustion zone as the kiln
rotates. The rotation creates turbulence and improves combustion. Residence time and
temperature depend upon the combustion characteristics of the waste. Residence times range
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from a few seconds to an hour or more for bulk solids. Residence time in the primary chamber is
varied by changing the rotation speed of the kiln. Off gases from the primary chamber pass into a
secondary combustion chamber destroying any residual organics. Gases from the secondary
combustion chamber pass into a quench tank where they are cooled from approximately 2,350°F
to 392°F. From the quench tank, gases pass through a Venturi scrubber and a series of bag house
filters, which remove acid gases and particulates prior to release from the stack. The treated
product of rotary kiln incineration is ash (or treated soil), which drops from the primary
combustion chamber after organic contaminants have been destroyed. The product is routed into
a wet quench or a water spray to moisten it, then transported to an interim storage area pending
receipt of chemical analytical results. Rotary kiln incineration must demonstrate a destruction
removal efficiency (ORE) of greater than 99.99 percent of the contaminating explosives. The
optimal size of the incinerator unit will be determined by the volume of soil to be remediated. For
similar soil contaminants and volume at the Umatilla Depot a transportable incinerator with a
nominal feed rate of20 tonslhr was proposed for use and described (CH2M HilllMKES, 1992).

4.3

Bioremediation Summary

There are several reasons for seeking a bioremediation solution as opposed to incineration. These
reasons are: 1) bioremediation is the similar to natural decomposing processes; 2) bioremediation
results in biologically active end product which may be nutrient enhanced; 3) the public is more
receptive to bioremediation then it is to incineration or chemical treatments; 4) bioremediation
offers the possibility of lower remediation costs.
Bioremediation technologies employ communities of soil organisms such as bacteria, fungi, and
protozoans. These organisms are usually not genetically engineered, but they are often selected
from strains originally isolated from contaminated sites. The selection criteria generally include
the ability to survive and remediate contaminates in a bioreactor system. Bioreactor technologies
can be as simple as a compost pile which consists of organics mixed with contaminated soil
maintained in a moist state. Bioslurries consist of agitated suspended mixtures of contaminated
soil and water. The process of agitation generally introduces oxygen into the system resulting in
conditions which allow aerobic processes to occur. The raking or windrowing of a composting
system also helps to introduce oxygen into the system. Composting systems typically operate at
temperatures elevated above those of the ambient in contrast to slurries which operate at
somewhat lower temperatures and are more vulnerable during winter months. In theory,
however, the water interfaces allow a greater reactive surface for the slurry systems. All of these
technologies have successfully been employed in reducing levels of explosive contaminants.
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The SABRE process (J.R. Simplot Co., patent number 5,387,271) is a method of anaerobic
bioslurry degradation. The proponents of the SABRE process (a proprietary process of the J. R.
Simplot Company) highlight the advantages of complete degradation or mineralization of
nitroaromatics. Simplot scientists and other investigators have discovered the probable pathways
for several parts of the process (Funk et al., 1994). Under aerobic and anaerobic conditions of
microbial culture, the initial step in the metabolism of nitroaromatic compounds is typically a
reduction of the nitro constituents to amino groups. This reduction usually proceeds in steps with
the para nitro group being the most susceptible to reduction. Reduction of the para nitro group
appears to be nonspecific and is performed by many different bacterial groups when reducing
conditions are used. The next reduction usually occurs at one of the ortho groups, producing
diaminonitrotoluene isomers. The reduction of the third nitro group has only been reported to
occur under absolute anaerobic conditions (Roberts et aI, 1992). Natural processes can also
oxidize TNT aerobically in a multi-step process by which the methyl group is oxidized first to an
alcohol, then to an aldehyde and finally to a carboxylic acid. The carboxylic acid function may
then leave the ring as C06 yielding trinitrobenzine (Major et al., 1994).

The toxicity of TNT intermediates which accumulate from typical aerobic degradation have not
been well studied.
Based upon their chemical structures, diaminonitrotoluenes and
aminodinitrotoluenes are apt to be toxic. The amino derivatives of TNT have varying toxicities to
different organisms (Amerkhanova and Naumova, 1979). The amino derivatives are believed to
bond with one another to form polymers. There is very little known about the polymerized
compounds derived from the hydroxylamino intermediates. It appears that complete remediation
of a TNT-contaminated site can only be assumed when degradation has resulted in mineralization
of the original molecules. This is important since the intermediates can possibly bind to the
cellulose and humic components of the soil. Cellulose will degrade with time, however humin has
a mean residence time of hundreds of years (Stevenson, 1989). Theoretically, the stability of
related complexes with humus could be used as a chemical form of remediation. It may even be
possible to use chemical methodology, to cause formation of heterocyclic rings with an inclusion
of one or more aniline groups (from TNT reduction) to the residue as a part of the soil humus
complex (Major et aI., 1994).

4.3.1 Alternative 3: Aerobic Bioslurry
An initial study of the feasibility for employment of slurry reactors for the bioremediation of TNT
was conducted by Montemagno et al. (1990) at the Argonne National Laboratory. Soil samples
were collected from Joliet Army Ammunition Plant and a bacterial consortium tolerant to TNT
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was isolated for bench-scale studies in a bioslurry system. The results showed that levels of TNT
were reduced. They concluded that a soil-slurry/sequencing batch reactor merited testing and
both design and cost analysis for a pilot-scale study were presented. Studies with aerobic
bioslurries are still in progress at the Argonne National Laboratory and have resulted in the
development of a technology designated as "aerobic-anoxic". However, a progress report is in
preparation and is not yet available.

Of several other available aerobic bioslurry technologies, that developed by EODT Services, Inc.
in association with the Oak Ridge National Laboratory appears to offer a novel process. This
technology is protected by United States Patent 5,314,821 which is jointly held by The United
States Government and Martin Marietta Energy Systems, Inc. Amoebae populations containing
consortia of endosymbiotic bacterial were discovered at a site contaminated with trichloroethylene
(TCE). Several amoeba-bacteria consortia and methodology have been developed for altering
and degrading organics. Some of these bacteria produce a natural biodispersant which solubulizes
or emulsifies TNT bound to soil (amoeba/bacteria consortium 46, ATCC Deposit Reference No.
40908, isolate IS). Isolate CR-l from this culture is claimed to degrade TNT in a manner which
renders it undetectable by standard analysis methods. The biodispersant is said to be safe and
biodegradable. This technology also treats soils and liquids contaminated with napalm,
nitrocellulose, nitroglycerin, single and double base propellants, TCE, halogenated hydrocarbons,
volatiles, semi-volatiles and other organic compounds. With some pretreatment, soils containing
explosives related compounds are fed into a slurry phase bioreactor where water and
biodispersant are inoculated with bacteria consortia. The reaction rate is kept high by maintaing
appropriate levels of pH, temperature and nutrients. The whole batch operation is said to be very
cost and time effective since the total degradation process takes from 1 to 5 days. After the
operation, the liquid phase is separated and, with some treatment, recycled into the reactor or
used to pre-treat the excavated soils. The technology has completed pilot-scale engineering and
full-scale remediation of nitrocellulose propellant at the Lone Star Army Ammunition Plant at
Texarkana, Texas in November, 1993. However, nothing other than the results from bench top
experiments are available for bioremediation of TNT. Additionally, one unpublished study did
find indications of toluene ring cleavage when using 14C labeled TNT (Zappi et al., 1993). In
general the microbial populations of such systems are vulnerable to high concentrations of heavy
metals, however, there have been few metal specific toxicity tests run.
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4.3.2 Alternative 4: Anaerobic Bioslurry
In addition to the reduction of the nitro groups to amino groups which occurs under either
aerobic or anaerobic conditions, the SABRE process claims to also reduce· the third nitro group.
This reportedly leads to cleavage of the aromatic ring resulting in nonaromatic products and
ultimately mineralization. However, it is claimed that the polymers formed during aerobic
degradation associated with the formation of hydroxylamino intermediates do not occur. Vendor
literature explains that the reductions occur more rapidly under anaerobic conditions and a pH of
about 7. Also, the hydroxylamino intermediates do not accumulate, nor do they have as much
opportunity to form linkages. The humic portion of the soil remains free of possibly dangerous
intermediates formed during the initial phases of TNT degradation. Their process is also claimed
to degrade the core structures ofRDX and HMX. Elevated concentrations ofRDX may slow the
anaerobic processes since it is suspected to act as an oxidant.

The uniqueness of the SABRE process is claimed to reside with an initial aerobic stage which in
the presence of co-metabolite carbohydrate (usually derived from potato waste) quickly changes
to an anaerobic environment. Anaerobic conditions are preferably determined via potentiometric
measurement, where a redox potential of -200mV or less indicates strict anaerobic conditions. At
this point the specially selected anaerobic consortium becomes active and complete degradation of
the aromatic toluene ring becomes possible.

There is always some concern with the effectiveness of introduced microorganisms. There has
been extensive work with bacteria and their consortias relative to survival and degradation of
TNT type contaminants (Crawford, 1995). It has apparently taken several years of research to
perfect the selection process of these consortia and in at least one reported instance their
inoculation was mandatory for degradation to proceed (Funk et al., 1993). Based on these
results, the SABRE process has employed a specially selected community of bacteria, in some
demonstrations, comprised of different species of microorganisms that have been grown in media
containing one or more nitroaromatics identical or similar to the contaminant nitroaromatics to be
biodegraded. This could become important under some conditions since introduced bacteria are
often not successful in a new environment, presumably because of competition with indigenous
microflora. While many commercial bioremediation technologies do rely on inoculation, only a
minimum of reported experimental information is available to support the efficacy of this
approach (Prichard, 1992).
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There have been several bench top scale studies under varying conditions reported for the Simplot
process. Two bench top scale studies of contaminated soils from Weldon Spring, Missouri and
Umatilla, Oregon were run in 500 ml flasks. Typically concentrations of 120 parts per million
(ppm) TNT, 30 ppm RDX, and 3 ppm HMX were maintained under aerobic and anaerobic
conditions. The anaerobic cultures generally showed transformation of TNT to intermediates
(4-amino, 2,6-DNT and then to 2,4-diamino-6-nitrotoluene) in four days. By day 24 these TNT
intermediates, RDX, and HMX were no longer present in the anaerobic flasks. After the parent
molecule had become anaerobically reduced to the diamino compound, additions of air or oxidizer
(KN03 ) did not cause dimerization or polymerization (presumably proved by the absence of
precipitate). In the aerobic cultures, TNT disappeared without the appearance of the expected
intermediates. A brown precipitate suspected of being dimerized or polymerized parent molecules
was observed on the bottom of such flasks. It is unknown what the ultimate fate of this material
would be in the environment.

Experiments were designed to study mass transfer to determine if mineralization actually occurred
during anaerobic degradation. TNT uniformly labeled with 14C showed recoveries of 14COZ for
about 3 percent of the label with the remainder recovered in aqueous and soil phases. There was
no determination of distribution of label between bacterial biomass, volatile organic acids (VOAs),
and/or absorbed intermediates. Again, it was concluded that since there was no evidence of
reddish-brown polymeric material it indicated that no polymerization had occurred. In other
experiments the ratios oflabel in 14COZ approached 7 percent and VOAs as high as 5 to 6 percent.
Using HPLC, derivation of VOAs (acetate, butyrate) from TNT was confirmed (Daniel et al.,
1993; Funk et al., 1994). The data from these experiments show that mineralization may occur
for some of the TNT molecules. However, it is not supportive for significant mineralization of
TNT. The accumulation of mobile intermediate aromatics is of concern in evaluating the
effectiveness of a biodegratory technology. Resulting endproducts should be simple compounds
that are readily metabolized by normal soil organisms and will not cause detrimental
environmental impacts. The soils from treatability studies will have to be analyzed for aromatic
intermediates and other complex products which may remain from the degradation of RDX and
HMX.

Most laboratory studies have dealt with TNT alone. A recent study employed the SABRE
process for contaminated soils with RDX and HMX as well as TNT. Soils obtained from
Submarine Base Bangor were placed in 15-L flooded soil cells and incubated at room temperature
for a period of 40 to 80 days (URS Consultants et al., 1994). The reactors were sampled
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periodically to determine the TNT, RDX and HMX concentrations. Anaerobic treatment resulted
in significant reductions of all contaminants. For phase II, site F anaerobic treatment, initial
concentrations for HMX and RDX of 8.7 and 4.4 mg/kg were reduced over 40 days to levels of
1.6 to less than 0.4 mg/kg (HMX) and less than 0.4 mg/kg (RDX). TNT levels over 40 days went
from about 125 mg/kg to 1.45 mg/kg (URS Consultants et aI., 1994).

Preliminary results of pilot studies for TNT remediation at Submarine Base Bangor for two
rectangular treatment cells were completed for runs of about 60 days. The cells contained a
volume of approximately 10 cubic yards. The cells were lined with two layers of 20 mil
reinforced HDPE liner material separated by two inches of clean sand and placed on top of one
layer of 3.5 oz. geotextile (to protect against puncture), laid in place over the cell and berms.
During this pilot study, protocols for preparation of soil-amendment mixtures were perfected in
anticipation of a full-scale treatment. Soil preparation was accomplished on an asphalt pad and 5
cubic yards of soil was mixed in the cell with 2000 gallons of water. A phosphate buffer was
incrementally added to achieve a 50mM solution in the cell. Results obtained from the
unpublished report showed a decrease in TNT concentrations during a 60 day treatment from 535
to 75 mg/kg in one treatment unit and from 199 to 22 mg/kg in another unit. It was concluded
that a longer run would have resulted in much lower values (Kaake, 1995).

For a pilot study at Weldon Springs Ordnance Works (WSOW), a portable tank was employed as
a bioreactor (12.2 x 2.4 meters wide x 2.6 meters high) of 75,000 L capacity (20,000 gal). The
soil was screened and materials larger than 15.9 mm were excluded from this demonstration test.
Water was added to the reactor. Batches of soil and nutrient (a JR. Simplot Company
potato-processing starch by-product) were mixed by hand and added to the reactor. Also added
to the water was pH-regulating buffer (phosphate to maintain a neutral pH). The clay-soil was
mixed 1: 1 with water to yield a final concentration of 1500 mg/kg in the slurry. Final volumes in
the bioreactor were 30 cubic yards (23 cubic meters) of soil and 24,000 L (6,400 gal) of potable
water. To control alkalinity, hydrochloric acid was added at intervals to maintain the pH (to
counter the effect of amino groups formed as TNT is degraded by microbes which break the NO
linkages). At first, the bioreactor was loosely covered and underwent frequent mixing of the
slurry. Afterwards, this was reduced to once every one to two weeks. After approximately two
months, three electrical immersion heaters were added to the system and a solar blanket was
placed over the slurry due to the cold weather that was encountered during the winter of 1993-94.
At the end of February, levels of TNT were reduced to 54 mg/kg and intermediate
amino-compounds to greater than 2.5 mg/kg, higher than permitted by the state of Missouri. The
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same reactor was then pennitted to run until the end of June when levels were 8.7 mg/kg of TNT
and no intermediates or other derivatives were detectable in the slurry (USEP A, 1995 SITE
report).

Other treatability studies have shown the SABRE process capable of remediating up to 13,000
mg/kg of TNT and 3000 mg/kg of RDX. No information was available for degradation of more
than 10 mg/kg of HMX. These higher levels slow but do not stop the reaction. In general the
microbial populations of such systems are vulnerable to high concentrations of heavy metals,
however, few specific toxicity tests have been conducted.

4.3.3 Alternative 5: Windrow Composting
Composting as a method of bioremediation has been reviewed and researched in detail (CH2M
HILLIMKES, 1992; Roy F. Weston Inc., 1993a, 1993b). Composting is a well established
technology typically utilized by agriculture and municipalities in which organic materials are
degraded by microorganisms resulting in the production of organic and/or inorganic by-products
and energy in the form of heat. The heat released through these biochemical processes leads to an
elevation of temperature within the compost matrix. Higher temperatures accelerate biochemical
processes, which in tum accelerate metabolic rates. Increased metabolic rates sustains elevated
temperatures which may reach 70° C. The temperature of the composting system influences the
type of microorganisms which will be present. Mesophiles will dominate the microbial population
at 35° C to 45° C and thermophiles will dominate at 50° C to 60° C. The levels of oxygen and
organics present in a composting system vary within a single system over time and between
different systems. These differences result in differing microhabitats and correspondingly different
microbial communities. Altering composting conditions will result in differing rates and forms of
degradation for organics. Degradation of most biodegradable compounds by composting
technology is generally possible through modifications in system configuration, agitation, addition
of amendments and inoculations with specialized microorganisms.

Composting methods fall into four classes: 1) static pile composting; 2) in-vessel, static-pile
composting; 3) mechanically agitated, in-vessel composting; and 4) windrow composting. A
study conducted at the Umatilla Depot in Henniston, Oregon (Roy F. Weston Inc., 1993a; 1993b)
concluded that windrowing composting effectively remediated TNT, RDX, HMX, and selected
TNT intermediates. Windrow composting has been selected for full scale remediation of
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explosive contaminated soils at Umatilla due to its simplicity, the availability of commercial
equipment, possible year round operation and adaptation to large operations.

In windrow composting, the compost mixture (soil and amendments) are arranged into elongated
piles (windrows) which are turned periodically by a mechanical device designed to advance along
the piles, mixing and aerating as it moves. This maintains a more uniform moisture and oxygen
content throughout the windrows. Maintenance of appropriate moisture content is achieved by
spraying with water as necessary. Temperatures are maintained at about 55° C and with turning
on a regular basis. For year round operation, the process should be enclosed inside a greenhouse
like shelter along with amendments and appropriate windrowing activities to allow for regulation
and maintenance of constant temperature and moisture. In addition, a structure will reduce the
amount of leachate produced by protecting the windrows from precipitation.

Other conclusions from the pilot and field studies at the Umatilla Munitions pepot Activity,
Umatilla, Oregon indicated that composting of explosive contaminated soils is an economical
alternative to incineration (Williams and Marks, 1991). Results indicated a 98 percent reduction
in TNT (Griest et al., 1991). Other studies by Griest et al. (1995) indicated 99.9 percent
reduction of TNT, greater than 99.7 percent reduction in RDX, and a 98.5 percent reduction in
HMX through windrow composting. However, production of TNT transformation products was
insufficient to account for all of the loss of TNT observed. These results may be interpreted to
mean that TNT was completely mineralized or became integrated into the compost matrix in a
form that was unextractable by methods currently used. The latter possibility correlates well with
bench top scale runs for composting at the Naval Submarine Base Bangor soils which showed an
accumulation of amino-DNT compounds (DRS Consultants et al., 1994).

Results from the bench scale studies at Sub Base Bangor indicated a nearly 10 fold increase in
concentrations of 4-amino-DNT and 2-amino-DNT during a twenty day treatment period (URS
Consultant, 1994). A study by Pennington et al. (1994) was conducted to determine whether
environmentally undesirable emissions or residuals are produced during composting. An
explosives contaminated soil was amended with uniformly ring-labeled TNT before composting in
a small-scale compost simulation system. The recovered C4C] label was divided between solvent
extractable products, 4-amino-2,6-dinitrotoluene and 2-amino-4,6-dinitrotoluene and cellulose,
humin, humic acid and fulvic acid. The 14C labeled TNT was recovered as follows: solvent
extractable products (about 15 percent), cellulose fraction (about 32 percent), humin fraction
(about 22 percent), humic acid (about 9 percent), and fulvic acid (about 17.5 percent). These two
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reports indicate that complete remediation of a TNT-contaminated site can only be assumed when
degradation has resulted in mineralization of the original molecules. In general the microbial
populations of such systems are vulnerable to high concentrations of heavy metals, however, few
toxicity tests have been conducted.

Toxicological studies by Oak Ridge National Laboratory (ORNL) indicate that given appropriate
composting conditions, the aquatic toxicity of explosive contaminated soil can be reduced by 88
percent and bacterial mutagenicity by 98 percent (ORNL, 1991). ORNL concluded that
composting effectively reduces explosives concentrations in contaminated soil, bacterial
mutagenicity and aquatic toxicity.

The conceptual approach for windrow composting evaluation used in this Report is based on the
studies conducted by USATHAMA (Roy F. Weston Inc., 1993a; 1993b). A 30 day treatment
period has been assumed, although recent unpublished studies suggest that the treatment time may
be reduced by as much as 30 percent for soils similar in composition to those at IAAP. The soils
will be mixed with amendments and bulking agents (30 percent soil) specifically selected in
treatability testing and the windrows will be constructed on an epoxy coated asphalt pad under a
temporary structure (Clamshell Buildings) 300 feet x 110 feet x 40 feet high. The windrow
turning machine will tum the pile every 2 to 3 days depending on requirements for aeration and
temperature control. Leachate will be collected in a trench/sump system at one end of the pad
and pumped over the piles for moisture control or through carbon canisters for treatment prior to
discharge. In order to provide a consistent basis of comparison for the treatment technologies
and costs in this study, it is assumed that the treated soils will be returned to the former RCRA
Stockpile excavation. The potential beneficial use of the enriched soils has not been analyzed. It
was further assumed that the volume of finished compost exceeds the volume of contaminated soil
by 80 percent.

4-15

5.0

COMPARATIVE ANALYSIS OF TREATMENT ALTERNATIVES

This section provides detailed analysis of treatment alternatives. The general response actions
required, regardless of the treatment process ultimately selected, are discussed in Section 5.1.
This discussion includes site preparation needs, initial process steps, final treated soils disposition
basic assumptions. Finally, in Section 5.1.9 the three evaluation criteria (Effectiveness,
Implementability, Cost) that form the framework for assessing site-specific suitability of each
alternative in the ensuing sections are outlined.

In Section 5.2, the No-Action alternative is described and evaluated with respect to the criteria
given in Section 5. 1.9. Evaluations of the four separate treatment alternatives assessed in detail
(Incineration, Aerobic Bioslurry, Anaerobic Bioslurry and Windrow Composting) are presented in
Sections 5.3 through 5.6.

5.1

Common Elements

A number of activities are required regardless of the treatment technology selected. The exact
procedures, execution, and impacts of the activities may differ as indicated below. Components
that are common to two or more of the alternatives are discussed here as a group in order to limit
redundancy.

5.1.1 Estimated Volumes of Contaminated Soil Requiring Remediation
Based upon the draft EE/CA it is assumed that 10,000 cubic yards of soil are to be treated. The
EE/CA indicated that slightly more than 10,000 cubic yards will be placed in the stockpile.
However, for the purposes of this document it is assumed that the volume would be reduced to
10,000 cubic yards when the soil was screened to remove rocks and debris. Screening would be
done prior to placement of the soils in the stockpile. Soil contaminants include TNT, RDX,
HMX, 1,3,5-TNB, 1,3-DNB, 2,4-DNT, 2,6-DNT, tetryl and low levels of heavy metals.

It is assumed that each of the alternatives, other than No-Action, will include the collection of 15
samples and analysis for metals and explosives (USEPA Method 8330). These samples will be
used to estimate the average concentrations of contaminants to be remediated and to identify
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heavy metals which might interfere with the certain remedial alternatives.
samples will be analyzed for grain size (ASTM-D 422).

In addition, three

5.1.2 Site Preparation
The treatment process will be staged adjacent to the IDA in close proximity to the stockpiled
soils. The proposed area is relatively flat, sparsely vegetated, is near existing roads and utilities,
and is not accessible to the general public. Very little site preparation work would be required to
make the area suitable for any of the proposed treatment alternatives.

A suitably constructed all weather access road capable of supporting trailers and heavy
earthmoving equipment is required. These roads must allow transport to the treatment areas and
to the existing roads, and comply with applicable dust requirements mandated by State regulation.
The access road required will be approximately 12 feet wide and 908 feet in length. The IDA has
existing water and electrical service, located within 200 feet of the treatment area and are
sufficient for each of the proposed alternatives. There is substantial open cleared space with a
moderate grade although some grubbing/clearing and grading will be necessary to provide the
required clear space.

The treatment area will be surrounded by a 6-foot high, barbed wire topped, chain link fence 1260
feet in length with two swing gates. In addition, sodium vapor lights are be provided for added
security and to extend the working day during winter months.

Costs associated with site preparation are presented in Appendix A with each of the treatment
alternatives.

5.1.3 Excavation and Feed Preparation
Composting, incineration, and slurry-phase biotreatment require excavation of the contaminated
soil from the RCRA Stockpile. Soil will be removed from the RCRA Stockpile as required for
treatment. The stockpile cover will be replaced if contaminated soil remains in the stockpile.
Care will be taken to minimize disruption of the liner system during the treatability testing and full
scale treatment phases of the project. The pile will be accessed only to the extent necessary and
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only when it is necessary to obtain soil. The remaining pile will remain undisturbed until
additional soils are needed. Erosion control measures may be required at the point of entry into
the RCRA Stockpile. In this way, potential migration due to wind, surface runon/runoff, and
leaching will be controlled.

For the incineration, aerobic bioslurry, and composting alternatives, a conventional excavator will
be used to remove the soil as needed. For the anaerobic bioslurry alternative, the entire volume of
soil in the stockpile will be slurried and pumped to the treatment units. The soil cover will be
removed and be placed beside the stockpile. Once the stockpile has been emptied, the top and
bottom synthetic liners will be removed and cleaned with water in the equipment decontamination
facility constructed for the project. The liners will then tested for hazardous constituents and
disposed of appropriately. Costs for excavation were based on the following assumptions:

o

Excavation, hauling, and backfill will be done using conventional equipment and technology
(e.g., a 2.5 cubic yard front-end loader, 12 cubic yard dump trucks, slurry pumps/pipeline).

o

All of the soils and sediments that are placed in the RCRA Stockpile will have been screened
of large rocks, tree roots and limbs, turf and miscellaneous debris which would interfere with
the treatment process.

o

The soil will be hauled directly from the RCRA Stockpile to the treatment area. Following
treatment, the soil will be returned to the excavation or will be left in the treatment unit. The
round trip distance between the stockpile and the treatment area is assumed to be 1 mile.

o

Excavation and backfill will be performed in accordance with the CERCLA site health and
safety requirements implemented under the Occupational Safety and Health Administration
(OSHA) (29 CFR 1910.120). It is assumed that no respiratory protection is required, but that
the contractor will use appropriate dust control methods (if necessary) and provide for
monitoring of airborne particulates.

o

The treated soil will be covered by a minimum oftwo feet of clean soil, obtained from on-site.
The clean soil will be collected using a conventional scraper or similar equipment. The
distance from the area of clean soil to the site is assumed to be under one mile. Erosion
control measures, such as installation of silt fence, will be required as part of the final soil
cover and revegetation. In addition, erosion control measures will be required for the
post-composting soil stockpile prior to backfilling.
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5.1.4 Treatment Residuals
Consideration for disposal of process waste is also included in the evaluation of each treatment
alternative. It was assumed that the treatment residuals will not need to be handled as a RCRA
hazardous waste.

Each process results in treated soils. The bio-treatment technologies may still contain active
microbes which are considered in the implementation discussions. The bioslurry technologies may
also generate biologically active process water. Incineration generates ash and quench water
which is also included in the technical discussion of implementability. Pending successful testing
by TCLP for hazardous characteristic classification, the ash will be disposed in a similar manner as
the treated soils. It has been assumed that ash will pass TCLP testing, as failure and subsequent
disposal in a hazardous waste landfill would add prohibitive costs to this alternative. Experience
with incineration of similar soils has demonstrated this to be a valid assumption.
Biologically treated soils will be analyzed to verify the effectiveness of treatment in achieving
cleanup goals. Residual soils from each of the treatment alternatives would then be returned to
the former RCRA Stockpile area. Since treated soils will meet the removal action goals and will
have been tested to demonstrate that they are treated to within performance specifications, the
synthetic bottom liner system comprising the containment will no longer be needed and will be
disposed appropriately and the soil would be placed in the excavation. The volume of soils is not
expected to change appreciably (except for the composting alternative) and will not pose a
problem with backfilling. The soil cover material that had previously been placed above the top
synthetic liner will be placed and compacted on top of the treated soils to close the site. Finally,
the area would be re-vegetated with native plants.

As an option, soils from slurry-phase biotreatment may be left in the treatment unit (or drying
bed); the liner will be breached once the water was removed. Alternatively, anaerobic
slurry-phase treatment units may be utilized in the pilot scal~ test of the groundwater
phyto-remediation.

Treatment alternatives may result in the generation of wastewater. For composting, the
anticipated volume of leachate is sufficiently low that it is expected to be recycled to maintain
moisture levels in the windrows. Wastewater generated during the incineration process will be
used to quench the ash. Water remaining in the slurry-phase biotreatment unit will evaporate
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once treatment had been completed or will be treated using an activated carbon treatment unit.
Costs associated with both of these options are provided.

Waste water may also be discharged to surface water. Disposal to surface water will require prior
testing to assure compliance with the parameters and requirements in the IAAP NPDES Permit.
Alternatively, the water may be collected in a tanker truck and taken to the on-site IAAP sanitary
sewage treatment plant. The plant is designed to service 15,000 residents (approximately 70
million gallons per day [MGDD. However, the operating capacity has been far below this level
for many years and will continue to be for the foreseeable future. It currently services
approximately 1,200 persons for an average daily throughput of 2 to 3 :MDG. The plant has an
NPDES regulating the discharge to surface water. The requirements of the permit and the
discharge parameters from the selected treatment technology will require review by the state prior
to implementation of the treatment process. Performance parameters will be derived from
treatability testing if this option were selected. The sewage treatment plant's processing
components consist of a bar screen, Imhoff tank, sediment filter, trickling filter, and sludge
dewatering ponds.

5.1.5 Treatability Studies
The selected treatment alternative must demonstrate the ability to treat soils contaminated with
TNT, RDX, DNT, HMX, TNB, DNE and tetryl as listed in Table 2-1. Additionally, verification
must be available to establish that the process yields acceptable concentrations in effluent
materials (i.e. treated soils and process water). The treatment performance parameters are based
on the risk-based PRGs listed in Section 2.4.

Since many of the treatment alternatives evaluated are innovative in nature with little full scale
application in treating soils contaminated with similar ranges of explosive compounds, actual
processing parameters will be determined during the conduct of treatability testing. This may
consist of bench top study and field pilot testing prior to full scale processing. Additional
constraints for some technologies may include the time of treatment since certain biological
options are dependent on the ambient temperature. For these reasons, selection of specific
operating criteria are contingent upon completion of treatability studies and seasons during which
operation will occur.
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The presence of various compounds, such as elevated levels of copper (290 mg/kg) in some soils
from the lagoon, barium in the Line 1 Impoundment soils and lead (222 mg/kg) in the soils
collected from sumps, may negatively impact the performance of certain biological treatment
systems. Other parameters specific to the soils contained in the waste pile to be treated may also
impact performance. These issues and the resulting performance requirements would be resolved
during treatability testing.

Physical and chemical characteristics of the stockpiled soils/sediments are also relevant in the
evaluation of treatment processes. These may include soil moisture, particle size, BTU content,
organic fraction, inorganic constituents and pH. These parameters will also be evaluated in a
treatability analysis prior to implementation of the final remedy, however, the influence of these
parameters on process performance is not expected to impact the treatment processes to the
extent that the evaluation of alternatives would be affected.

5.1.6 Cost Contingencies
For purposes of developing cost estimates, contingencies have been included to provide a margin
of safety in estimates or approximate standard remediation services. The percentage of cost
contingency and an explanation of each is provided below. It should noted that there is no
allowance made for contractor markup and project management costs that may incurred at the
time of project award and implementation.

o

Scope (10%): Scope contingency includes the cost for variances encountered in the field
during actual treatment.

o

Legal and Bid (5%): Legal consultation and bid preparation fees are included in the legal and
bid contingency costs.

o

Health and Safety (5%): Health and safety contingency cost include the cost for the
preparation and compliance of health and safety report for the project and also includes the
cost general equipment decontamination

o

Engineering and Design (5%): Engineering and design services include the costs for designing
and limited oversight of the treatment alternative selected.
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5.1.7 Monitoring and Review
High surface soil concentrations of contaminants will remain under the No Action Alternative and
low concentrations of contaminants would remain in soils in all other alternatives. CERCLA
requires that if a remedial action is selected that results in contamination remaining at the site, a
review of the action must be conducted no less often than every 5 years to assure that human
health and the environment are being protected [CERCLA Section 121(c)]. It has been assumed
that a 5-year review will be conducted for any alternative selected. The treated soil would be
returned to the location of the RCRA Stockpile which will be located in the IDA. A monitoring
program is already in place for the IDA and thus no additional monitoring costs will be incurred.
Costs associated with the review are not included.

5.1.8 Future Land Use
A basic premise guiding remediation at lAAP is that the explosive soil treatment area and the
disposal area at the IDA will continue to be used in the future for industrial purposes.

5.1.9 Removal Action Evaluation Criteria
The NCP, in Section 300.415 , requires removal actions to "contribute to the efficient
performance of any anticipated long-term remedial action" to the maximum extent practical.
USEPA's Guidance on Conducting Non-Time Critical Removal Actions Under CERCLA
(USEPA, 1993a) provides three broad criteria for the evaluation of the short-and long-term
aspects of alternatives as discussed below.

5. 1. 9. 1 Effectiveness
This criterion is used in the alternatives evaluation to focus on the potential for the process
options to protect public health and the environment, and to meet the objectives of the removal
action. The potential impacts to human health and the environment are considered during
construction and implementation, as well as compliance with ARARs. This criterion considers
how proven and reliable the process is in reducing the toxicity, mobility or volume of
contaminated soils in both the near and long term. Effectiveness also evaluates the degree to
which an alternative complies with state and federal regulations.
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The major considerations for technical evaluation of all of the technologies is: 1) what remains as
end products from biodegradation of the contaminant molecules; 2) what is the efficiency of the
degradation; 3) demonstration that all potentially hazardous intermediates as well as the original
offending contaminant molecules are removed from the environment.

5. 1.9.2 Implementability
Evaluation of the implementability of alternatives encompasses both technical and institutional
feasibility of the process. This evaluation includes: Technical Feasibility, General Availability,
and Administrative Feasibility. The Technical Feasibility considers construction and operational
issues, demonstrated performance, and adaptability to the specific physical and chemical
conditions of the soils in the IDA RCRA Stockpile. The alternatives are also evaluated with
respect to the General Availability of particular process option requirements such as whether
sufficient equipment, personnel, services and disposal capacity exists to implement the technology.
Administrative Feasibility considerations includes the ability to obtain any necessary permits and
the ability of the technology to adhere to applicable non-environmental laws policies and
concerns. Since RDX, TNT and HMX are secondary explosive compounds which have been
measured in the soils and sediments at concentrations up to 2950 mg/kg, 9290 mg/kg, and 860
mg/kg respectively, special precautions must also he considered in equipment selection and
operation with respect to explosion protection (i.e. sealed bearings, shielded electrical boxes). A
special operations and maintenance (O&M) consideration includes the need to decontaminate
equipment frequently to avoid the accumulation of potentially explosive dust. In this section,
community and regulatory acceptance is also evaluated.

5.1.9.3 Cost
The costs considered in this report for implementing the four alternatives analyzed in detail are
developed based on the conceptual design and the basic assumptions that are listed. The costs
include direct and indirect capital costs, and any recurring costs associated with operations and
maintenance. These cost estimates are based on the conceptual discussion of the options being
considered and efforts have been made to use the most recent data available. For treatment
processes expected to last less than one year cost estimates include no inflation or discount
adjustments. Present worth analyses are performed for operational and maintenance costs but not
for capital expenditures when the projected treatment time exceeds one year. Costs playa limited
role in the selection of alternatives. Nevertheless, alternatives that are excessively costly
compared to other similarly effective and implementable alternatives are eliminated.
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61
5.2

Alternative 1: No Action

According to the NCP, the level of treatment achieved must be compared to the required
expenditures of time and materials as an integral portion of the remedy selection process. The No
Action alternative serves as a common reference point for subsequent analysis and comparison
with the other alternatives selected for detailed evaluation.

No Action does not mean that stockpile would be abandoned. The liner and cover that prevent
direct contact with the contaminants and limit contaminant mobility by controlling infiltration of
precipitation and the subsequent production of leachate will be maintained. The engineered
containment would be expected to deteriorate over time.

Some recovery of the soil is expected as a result of natural degradation/transport processes.
Photolysis of the contaminants could occur if the soils were exposed at the surface, but this would
have little overall impact on recovery. In situ biodegradation might occur, but its success and rate
would be severely limited by the lack of sufficient organic material, moisture, and aeration in the
soil present at the site. The limited amount of precipitation penetrating the stockpile makes
natural in situ soil washing an unlikely mechanism for removing contaminants from the soil. Much
of the contamination is believed to have been deposited over 40 years ago. The high
concentrations of contamination in the soil after this extended period indicates that natural
processes are not effective in reducing contaminant concentrations. Therefore, it is expected that
natural recovery of the soil would not occur within a reasonable time frame.

5.2.1 Effectiveness
5.2.1.1 Overall Protection of Public Health and the Environment
The hazardous waste pile containment structure is assumed capable of meeting removal action
goals and objectives by preventing human contact with the contaminants and minimizing negative
impact to any receiving surface or groundwaters. The protection would be afforded as long as the
pile bottom and cover liners remain intact through inspection and maintenance activities. The long
term monitoring of environmental matrices surrounding the pile will help assure this protection.
The volume and toxicity of the contaminated soils and sediments are not reduced by this option.
This has been determined to be unacceptable to the USEPA as expressed during the earlier
referenced January 18, 1995 meeting, and is not consistent with the NCP expressed preference for
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reduction in toxicity and volume of the hazardous constituents. The potential for a release to the
environment also exists should the cap or liner integrity become compromised.

5.2.1.2 Compliance with ARARs and Other Criteria, Advisories and Guidance
Excavation of sediments and management in a waste pile will require compliance with the federal
Clean Water Act, and the corresponding Iowa Water Pollution Control Regulations (IWPCR).
Water resulting from excavation, precipitation contacting the waste pile, and leachate from the
waste pile must be discharged in accordance with a surface water discharge permit. The facility
currently holds such a permit, and the water can be routed to the existing wastewater treatment
system for disposal through the permitted outfall. The excavation and waste pile must also
comply with the federal Clean Air Act and the Iowa Air Pollution Control Regulations (IAPCR),
which control the emission of hazardous air pollutants and fugitive dust emissions. The
excavation will be conducted in compliance with the IAPCR to minimize dust and fugitive
emissions.

Although the soils are not considered hazardous waste, management of the excavated sediments
in a waste pile will comply with regulations promulgated under RCRA. The RCRA requirements
for management of hazardous waste in waste piles (40 CFR 264 Subpart L), and the
corresponding Iowa Hazardous Substance and Waste Regulations (IHSWR) establish design
standards and waste management requirements. These requirements include lining, provisions for
leachate collection, protection from surface water run-on, wind, and designs to prevent the
migration of waste by surficial processes and prevent leachate generation. RCRA contains special
requirements for the management of reactive wastes in waste piles (40 CFR 264.256), which
require that the waste either be deactivated prior to placement in the waste pile, or that the waste
pile is protected from materials and conditions which might cause it to react. The design and
management standards are supplemented by the Iowa Solid Waste Disposal Regulations
(ISWDR), which contain criteria for siting and construction of monitoring wells.

The construction and management of a hazardous waste pile will also be regulated by the federal
Clean Air Act and the IAPCR, which limit the emissions of hazardous air pollutants and fugitive
dusts. The waste pile must be constructed to minimize fugitive dust emissions.
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The excavated sediments could be managed in the RCRA Stockpile for an indefinite period of
time in compliance with ARARs; however, it is unlikely that this alternative could meet the
objective of the removal action, which is to remove an imminent risk to human health or the
environment. Further, closure of the waste pile would require that all· hazardous waste and
residuals be removed from the waste pile, and that all contaminated equipment and components of
the waste pile be decontaminated and managed as hazardous waste. Thus, the sediments and
components of the waste pile system would eventually require further management (i.e. treatment
or disposal) in order to close the hazardous waste pile.

The waste pile, treatment site, and land disposal site are outside the 100-year floodplain.
Therefore, each alternative is not subject to the requirements of the Federal Floodplain
Management Order or the Iowa Floodplain Development Requirements.

5.2.1.3 Long-Term Effectiveness and Permanence
Long term effectiveness is contingent on the continued monitoring, inspection and maintenance of
the cover. The integrity of the pile can be maintained by preventing long rooted plants and
burrowing animals from impacting the cover. Sampling of groundwater, surface water and soils
are required for a period of 30 years following closure of the Pile. It is not likely nor anticipated
that this parcel will be used for anything other than its current use.

5.2.1.4 Reduction of Toxicity, Mobility or Volume Through Treatment
The mobility of the contained contaminants is restricted through the composite liner construction
consisting of several hydraulic barriers and a leachate collection system. Migration to air, surface
water or groundwater pathways are thereby eliminated. Direct exposure to the wastes by humans
or wildlife is eliminated as long as the cover remains in place. This alternative does not provide
for any reduction in toxicity or volume other than what may occur as a result of naturally
occurring degradation of the explosive constituents within the Pile.

5.2.1.5 Short Term Effectiveness
Since no remedial activities are conducted, there would be no short term impacts to workers, the
public, or the environment.
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5.2.2 Implementability
5.2.2.1 Technical Feasibility
Technical feasibility of the No-Action alternative involves only maintenance activities. These will
include periodic inspection to identifY potential problems such as erosion, burrowing animals or
slope failure. Mowing the cover system to prevent long-rooted plants from becoming established
and penetrating the cover system would also be required. Inspection to assure continued
successful operation of the leachate collection system is also necessary. These activities are easily
implemented.

5.2.2.2 Administrative Feasibility
Since IAAP is assumed to retain control of the property and continue regular maintenance
assignments, no administrative problems are anticipated. The No-Action Alternative requires no
unusual or difficult to acquire materials or services.

5.2.2.3 Availability of Services and Materials
Laboratory testing capacity and turnaround for chemical analyses are available. The connection
and installation of utilities for water and electricity will be required. Truck and rail links are in
existence for servicing IAAP. There are sufficient contractors of heavy equipment and
appropriate mechanical repair services to support the no action alternative.

5.2.2.4 Regulatory Acceptance
The State review comments on the draft final EE/CA (CDM, 1995) are not yet available. There
has been no expression of preference for removal action alternative selection expressed. The
USEPA Region VII has expressed dissatisfaction with this alternative at the January 1995 meeting
discussing this Removal Action as mentioned previously, since it does not reduce toxicity or
volume of the contaminants.

5.2.2.5 Community Acceptance
A public comment period is planned for both the EE/CA which recommends the removal of soils
and sediments from the Line 1 Impoundment and Line 800 Lagoon and Settling Ponds and the
construction of the Hazardous Waste Landfill and Stockpile, as well as the evaluation of
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treatment alternatives developed in this study. Since the community has shown limited interest in
recent Installation Restoration Program (IRP) related activities during the RIlFS process, little
significant input is anticipated. This is not considered implementable since USEPA has expressed
dissatisfaction with the No-Action alternative.

5.2.3 Cost
The costs associated with this alternative are minimal. Monitoring costs for 30 years and
inspection maintenance costs for activities described above. The estimated present worth cost for
these activities in the draft EE/CA (CDM, 1995) including contingencies is $84,920 assuming a
10 year design life. Continuing these maintenance related activities for an additional 20 years
results in an estimate of$218,680.

5.3

Alternative 2: Incineration

Presently, incineration is the accepted technology for remediation of TNT, RDX, HMX, arid
related explosives via the complete oxidation of the original molecules to products such as CO2,
(NO), and ~O (USEPA, 1993b). The rotary kiln incinerator is the system most often used to
treat contaminated soils. In rotary kiln incineration, soils are fed into a primary combustion
chamber, or rotary kiln, where organic constituents are destroyed. The temperature of gases in
the primary chamber ranges from 1200° to 1800"F. Retention time in the primary chamber, which
is varied by changing the rotation speed of the kiln, is approximately 30 minutes. Off gases from
the primary chamber pass into a secondary combustion chamber, which destroys any residual
organics. Gases from the secondary combustion chamber pass into a quench tank where they are
cooled from approximately 2350° to 392°F. From the quench tank, gases pass through a Venturi
scrubber and a series of bag house filters, which remove acid gases and particulates prior to
release from the stack. The treated product of rotary kiln incineration is ash (or treated soil),
which drops from the primary combustion chamber after organic contaminants have been
destroyed. The product is routed into a wet quench or a water spray to moisten it, then
transported to an interim storage area pending receipt of chemical analytical results. Rotary kiln
incineration must demonstrate a DRE of greater than 99.99 percent of the contaminating
explosives. The optimal size of the incinerator unit is determined by the volume of soil to be
remediated. For similar soil contaminants and volume at the Umatilla Depot a transportable
incinerator was proposed for use (CH2M HillIMKES, 1992). These incinerators consist of the
following:
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•

Mechanical feed system

•

Primary combustion chamber

•

Secondary combustion chamber

•

Air pollution control system

•

Ash collection system

It is assumed that the components of the incinerator would be erected on a 0.5 acre concrete pad.
Variations in design features are available that would be equally suitable (such as co-current or
countercurrent air flow), and discussion of one design does not preclude consideration of others
in the remedial design.

The contaminated soil is excavated from the temporary RCRA Stockpile as described in Section
4.3.4, and be fed directly into the incinerator. Any wastewater from air pollution control or
leachate generated would be collected and either added to the incineration feed or combined with
the recycled quench water prior to final treatment and discharge.

From the RCRA Stockpile, the soil is transported by conveyor belt or other bulk loading
equipment to the incinerator feed area. The ideal system would eliminate contact or local
confinement between the soil and mechanical joints. A typical system would consist of three
major components (Roy F. Weston, Inc., 1987; CH2M HilllMKES, 1992):

•

A live bottom hopper (e.g., a loading bin with metering screws to control the soil
feed rate)

•

A system to transfer the soil from the hopper to the kiln feed system (e.g., a
twin-screw cross conveyor or weigh belt and drag conveyor)

•

A kiln feed (e.g. a water jacketed twin-screw conveyor or belt conveyor)

The primary combustion chamber is the rotary kiln, a rotating refractory-brick-lined cylinder
mounted at a slight incline to the horizontal. Assuming the rotary kiln is designed for co-current
flow, the feed material, primary burner, and combustion air or oxygen all enter at the same end,
resulting in co-current flow of ash and combustion gases through the kiln.
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The kiln feed rate, rotation rate, and physical dimensions are designed and operated to ensure a
residence time sufficient to oxidize, pyrolize, or vaporize. The kiln and primary burner are
typically designed to allow steady-state operation at 1500° to 1800° F with a minimum operating
temperature of 1200°F. Ideally, moisture should be maintained below 15 to 18 percent for
optimal performance.

The kiln generally has a control system that automatically maintains the primary combustion
chamber temperature (measured at the outlet end of the kiln) within a pre-selected control range.
The waste feed rate and primary combustion chamber temperature are continuously monitored
and recorded. The combustion air inlet ports and gas flow volumes are typically designed to
provide a minimum of 100 percent excess oxygen in the primary combustion chamber.

The secondary combustion chamber, or afterburner is a stationary, refractory-brick-lined cylinder.
The afterburner design temperature is in the range of 2,300 to 2,400° F, with a minimum of 100
percent excess oxygen. The afterburner configuration and burner orientation are typically
designed to provide a high degree of mixing and turbulence. It has a control system that
automatically maintains temperature at the inlet.

The incinerator air pollution control system is composed of wet and/or dry scrubbing systems
designed to remove products of incomplete combustion, particulates, and acid gases from the flue
gas exiting the secondary combustion chamber and the APC equipment to cool the off-gas prior
to treatment. An example of a wet scrubbing system would be a Venturi scrubber charged with
lime or caustic soda: a fabric filter would be an example of a dry scrubbing system. Two or more
scrubbing methods are often used in series for high-level treatment. Wet scrubbing systems are
typically designed such that blowdown water can be neutralized, filtered, and recycled to the
scrubber, minimizing or eliminating wastewater discharges. This is particularly feasible for
contaminants that are not halogenated, such as the explosives. If a purge stream is required, it
could be directed into the incinerator combustion chamber or used to support a wet ash collection
system. Makeup water requirements are based primarily on evaporative losses. Filtered
particulate material from either a wet or dry scrubbing system could be analyzed, and either
re-incinerated or combined with the treated soil as appropriate. The treated airstream is
exhausted through a stack. It is assumed that any incinerator selected to remediate the
explosives-contaminated soil would be equipped with an APC system that would meet local, state,
and federal air emissions standards.
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The solids exiting the primary and secondary combustion chambers are generally referred to as
ash. The treated soil could be collected using a wet ash system, a dry ash system, or a pneumatic
ash collection/transportation system. A wet ash system minimizes fugitive dust, and generally
employs a closed-loop design so that no liquid discharges from the system.. If a dry ash system is
used, adequate measures must be taken to minimize fugitive dust emissions.

The treated soil is discharged from the collection system onto a conveyor. From there, it is placed
in roll-on/roll-off container which would be hauled to a storage area. The storage area must be of
sufficient size to provide for flexibility in 24-hour analytical turnaround of individually sampled
soil bins. The bins will be covered while samples are analyzed to confinn that the soils have
achieved the PRGs. Once it has been verified that the cleanup goals were achieved, the soil will
be dumped from the bins in a treated soil stockpile area. Soil residues that fail to meet any of the
treatment requirements are passed through the incinerator a second time.

The treated soil

stockpile area would be underlain with a plastic sheet and will have erosion control around it.
Temporary covers must also be provided for the treated soil stockpile.

Soils that meet the

requirements would be stored in the treated soil stockpile until the entire RCRA Stockpile had
been emptied and the liner removed. The treated soil is then be returned to the RCRA Stockpile
excavation.

The required utilities for incineration are water, fuel and to a lesser extent, electricity. The water
must be of good quality (low in suspended solids and not saline) but not necessarily potable. The
rate ofusage would be approximately 70 gallons per minute (gpm). Either propane or natural gas
and fuel oil for feed BTU improvement is required. Water treatment chemicals are added as
required. Electrical service of 2,000 KVA and 3 phase is required as the power source for the
primary combustion chamber and other large-electric-demand users, such as the fan and pumps.
In addition 15 amp, 120 V single phase service is required for ancillary systems and site needs.
Electrical service is already available at IAAP in the IDA. It was assumed for costing purposes
that the electrical supply to the area was sufficient.

Personnel on-site are subject to the OSHA requirements for hazardous waste site operation (29
CFR 1910.120), including requirements for personal protective equipment as dictated by the
specific site conditions and contaminants, physical examination, and hazardous waste site training.
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Waste characterization and treatability testing are necessary to establish the suitability of the
contaminated soil feed and the range of recommended operating parameters for the commercial
unit to ensure optimum performance with regulatory requirements. The following two test phases
are required for the use of a typical commercial incinerator.

Key physical and chemical properties including density, moisture content, heating value, ash
content, particle size, elemental composition, metal concentration, and organic species
concentrations would be evaluated.

As described in Section 3.3.2, specific operating and emissions standards are stipulated in the
ARARs, such as a 99.99 percent DRE for principal hazardous organic constituents (PHOCs).
Compliance is usually established in a minimum 3-day trial burn prior to or at the beginning of a
cleanup. The incineration services vendor typically includes confirmation sampling as part of the
per ton charge for incineration.

The time required to complete the incineration alternative is dependent upon the throughput of
the incinerator. A 1 to 4 ton per hour incinerator is assumed in this estimate. Thus the time
required to complete the cleanup would be one year.

5.3.1 Effectiveness
5.3.1.1 Overall Protection ofPublic Health and the Environment
Remediation through the destruction of greater than 99.99 percent of the contaminant without
any hazardous residues will remove future possibilities of adverse impact on receptors .or upon
any other aspect of the environment. There are adequate reports of success for incineration
during full-scale treatments for TNT and the other organic contaminants of interest. Incineration
reduces concentrations below risk-based levels developed for IAAP. As discussed in Section 2.4
these levels have been calculated to afford protection of human health and the environment due to
direct exposure and to potential solubilization and migration.

The treated soil will be returned to the stockpile excavation following removal of the liner and
cover. The treated soil will then be covered with a minimum of two feet of clean soil. TCLP
testing of the treated soil prior to its disposal will be conducted to ensure compliance with RCRA.
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Possible short term impacts require dust control for worker and environmental safety during
remediation. Operation of the incinerator will be closely monitored and controlled to ensure
compliance with RCRA, Clean Air Act and Iowa HSWR and APCR and OSHA.

5.3.1.2 Compliance with ARARs and Other Criteria, Advisories, and Guidance
Alternative 2 requires compliance with the same chemical-specific ARARs presented for
Alternative 1 in Section 5.2.1.2. Treatment standards and acceptable residual concentrations are
dependent on the remedial action taken, and are therefore discussed as action-specific ARARs.
Compliance with ARARs applicable to the waste pile is discussed in Section 5.2.1.2.

Incineration of the contaminated sediments is subject to RCRA requirements for hazardous waste
incinerators (40 CFR 264 Subpart 0) as well as the IHSWR, the federal Clean Air Act and the
IAPCR.
These regulations contain siting requirements, design standards, operational
requirements, and monitoring requirements for hazardous waste incinerators. The incinerator will
be constructed to comply with these requirements. Waste water generated in the incineration
process will flow to the existing wastewater treatment facility and discharge through the existing
permitted outfall.

Ash resulting from the incineration process will be returned to the excavation from the stockpile.
As discussed in Section 5.1.4, RCRA requirements were judged not to be ARARs for the
treatment residuals that achieve the PRGs. The ash may contain residual metals concentrations of
sufficient magnitude to require that the waste be disposed of as a RCRA characteristic hazardous
waste. Analytical testing is required to determine the appropriate means of ash disposal.

All activities at the site will comply with the Occupational, Safety, and Health Act (OSHA)
regulations for workers at hazardous waste sites (29 CFR 1910.120).

The waste pile, treatment site, and land disposal site are outside the 100-year floodplain.
Therefore, each alternative is not subject to the requirements of the Federal Flood Plain
Management Order or the Iowa Floodplain Development Requirements.
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5.3.1.3 Long-tenn Effectiveness and Pennanence
The implementation of incineration as the alternative for the destruction of explosive
contamination of the soil is expected to provide greater than 99.99 percent DRE. This will
reduce the cancer risk levels to well below 1 X 10-6 . Complete destruction of the contaminating
explosives assures long-tenn effectiveness and pennanence. There should be no risks from
organic contaminants. The reduction of soil volume at times can cause concentration of
inorganics such as metals. This would need to be evaluated during the pilot test.

The treated soil (ash) will be sampled and analyzed to determine that the level of remediation has
been effective. Metals and relevant organics will be tested for compliance with RCRA LDRs
prior to land disposal. No PRSC is required after incineration and land disposal.

Incineration achieves pennanent and irreversible destruction of TNT, RDX and other related
organic molecules. The amount of hazardous materials to be incinerated are 10,000 cubic yards
of contaminated soil with average concentrations of TNT (5645 mglkg) and RDX (1875 mglkg).

5.3. 1.4 Reduction of Toxicity, Mobility or Volume through Treatment
The degree of reduction expected in toxicity, mobility, and volume by incineration is significant.
Incineration will reduce concentrations of explosives to less than 0.01 percent, which are below
the PRGs cited on pervious pages of this report. This effectively reduces the hazard from these
organic molecules relative to toxicity or mobility. Minimal levels remaining should not be
detectable and will cause no further impact on groundwater. Incineration has been shown to
reduce the volume of incinerated soils by up to 30 percent.

The type and quantity of residuals in the treated ash are expected to be below the risk based levels
and below levels which would necessitate special handling or treatment. However, all of the
resulting residues must be sampled for metals of concern.

This alternative will satisfy the USEPA preference for treatment since if fulfills all criteria. It is
expected to reduce to levels of less than 0.01 % all of the present contaminants without the
possibility of reversible, or significant residuals.
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5.3.1.5 Short Term Effectiveness and Permanence
IAAP covers approximately 19,123 acres near Middletown, Iowa. The relatively large size of the
installation provides for isolation of the sites. Residents adjacent to th~ IAAP are located a
sufficient distance from the planned removal activities to prevent public impact. This impact may
be in the form of:

•

Fugitive dust emissions

•

Hazardous air emissions

•

migration of contaminants into surface water from mishandling

•

migration of contaminants to surface soil from mishandling

High moisture content in the soils prior to incineration will help to control fugitive dust during soil
handling operations. Emissions from the stack may contain nitrous oxides (NOx>; volatile metals,
such as lead; and products of incomplete combustion (PICs). Modeling should not be needed
since the high temperature of the afterburner (2400°F) is sufficient to effect complete oxidation of
complex organic molecules.

Possible emissions will be controlled via emission control devices such as bag house filters, an
afterburner and scrubber systems. Migration of contaminants to surface materials will be
controlled through proper engineering controls. The use of silt fences and engineered handling
areas will prevent contamination of surface water sources through run-off Well maintained and
decontaminated trucks and equipment will control physical spread of contamination.

After incineration the ash is expected to be below the action levels for all of the contaminants in
question and pose no further threat. However, fugitive dust requirements will continue to be
enforced. Water would be generated from the decontamination of construction equipment. Such
water can be decontaminated by carbon cartridges to levels compliant with the IAAP NPDES
permit prior to discharge to Long Creek.

Approved site safety plans will be required for the activities of all workers. Workers during site
activities will be required to wear appropriate protective clothing. This will reduce personnel
exposure risk during materials handling. All OSHA regulations will be followed. The IAAP is a
secured facility of sufficient size to the keep the treatment areas far removed from nearby
residents and intruders.
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Incinerators capable of performing the required work are readily available. Thus, it is assumed
that 1 year would be sufficient to procure an incinerator. The soil could be treated in a 12 month
period.

5.3.2 Implementability
5.3.2.1 Technical Feasibility
This alternative is readily implementable at IAAP. All construction activities will be carried out
per DOD specifications. Federal, state, and local permits will not be required per CERCLA
Section 121(E). However, air emission, solid disposal, and surface water discharge will be carried
out to meet all regulatory requirements.
Hazardous material incinerators are available 10 transportable configuration.
advantages of using a transportable rotary kiln incineration unit are:

The potential

•

Minimizes installation time, as equipment is pre-assembled and skid mounted.

•

Upon completion, the equipment can be loaded back on trucks and shipped to
other installations.

•

Upon completion, the system can be removed, which is a major advantage from a
regulatory permit approval and public acceptance perspective.

The reliability of this technology is well founded. The technological maturity of this technique has
been demonstrated by on-site incineration at the Savanna Army Depot, Cornhusker Army
Ammunition Plant, Louisiana Army Ammunition Plant, and Alabama Army Ammunition Plant.
Operational difficulties are all surmountable assuming maintenance and operation by skilled
personnel.

The environmental conditions will present no unusual problems to the operation, set-up, and
construction phases. Neither climate or terrain will severely impact or eliminate this alternative.
The site is not located in a valley and no inversions or limited air currents will cause an
accumulation of emissions.

The mobile incinerator unit will require utilities at the treatment site. The fuel supply can be either
natural gas or propane supplied by tanks on-site. The incinerator unit will also require a
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significant water supply of 70 gallons per minute which is available from the IAAP water supply
plant. Water is required for quenching of the ash. All of the water is expected to evaporate,
however discharge to Long Creek is also possible following treatment (if necessary) to meet
IAAP NPDES discharge requirements. Any other contaminated water can be decontaminated by
carbon cartridges.

No future remedial action after incineration and land disposal of the ash is anticipated to be
required. This will be verified by regular testing of the ash soils for contaminants.

5.3.2.2 Administrative Feasibility
Federal, State, and local permits are not required for on-site CERCLA actions. Permits pertaining
to site access for personnel and equipment are required by IAAP. Although permits are not
required, the substantive requirements ofthe permits must be met.

Incineration is the best demonstrated available technology for treating explosives and has been
readily accepted by regulatory agencies at other sites.

5.3.2.3 Availability of Services and Materials
Incineration services are available from the several vendors. Laboratory testing capacity and
turnaround for chemical analyses are available. The connection and installation of utilities for
water and electricity will be required. Truck and rail links are in existence for servicing IAAP.
There are sufficient contractors of heavy equipment and appropriate mechanical repair services to
support incineration.

5.3.2.4 Regulatory Acceptance
The State of Iowa has declined to participate in the IAAP FFA in a formal manner. The USEPA
Region VII will be provided an opportunity to review and comment on this report prior to final
recommendation and implementation of the treatment technology.
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5.3.2.5 Community Acceptance
A public comment period will be provided and the concerns of the public evaluated prior to final
alternative selection. Since the community has shown limited interest in recent IRP related
activities during the RIlFS process, little significant input is anticipated.

5.3.3 Cost
Costs for incineration were calculated based on the quotes supplied by Vesta Technology, Ltd.
The estimated costs for Alternative 2 are illustrated in Table 5-1. The cost for incinerating 10,000
cubic yards of soil was estimated to be $7,317,522 (Table 5-1). The processing fee for
incineration includes all the labor, supervision, monitoring, confirmatory sampling costs, trial
bum, mobilization and demobilization. The incineration operation will run 24 hours a day, 7 days
a week for the anticipated time of treatment of 12 months. The Vesta 200 Model used for cost
development has a 2,000 - 8,000 lbs/hour throughput and has a rotary kiln with a capacity of
25,000,000 BTU's. A wet-scrubber is used to treat the off-gases and the effluent is treated prior
to disposal. The assumptions made for the purpose of estimating the cost for incineration are as
follows:

5.4

•

It was assumed that the soil moisture content is 40 percent,

•

The staging area will be within the vicinity of the RCRA stock-pile and the round
trip distance from the stock-pile to the staging area is approximately one mile,

•

The contaminated soil is screened to one inch or less fines prior to being placed in
the RCRA stockpile,

•

The soil after being incinerated will be disposed in the Inert Disposal Area.

Alternative 3: Aerobic Bioslurry

The following conceptual description of aerobic bioslurry treatment was developed based upon
feasibility study conducted by Argonne National Laboratory (Montemagno and Irvine, 1990).
The size and operating parameters of an actual facility may be modified based upon the treatability
study and the desired remediation time.
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The system will consist of five bioreactors. The soil will be treated in batches with each batch
requiring a treatment period of 30 days. The entire volume of contaminated soil will require eight
months to complete.

Soil will be removed from the RCRA Stockpile as described (Section 5.1.3) and dumped into the
reactors. The reactors are 55 foot diameter by 16 foot high, steel band wrapped, fiberglass tanks.
The reactors will stand on a curbed concrete pad measuring 375 by 75 feet. The pad will be
sloped to a sump to provide containment for any potential spills.

Each reactor will hold 250 cubic yards of soil which will be mixed at a ratio of 1 part soil to 4
parts water. Each reactor is equipped with 2 20-horsepower gasoline mixers, and a slurry pump.
An initial concentration of 2,000 mgIL of molasses would be added to the reactors (2.1 tons per
reactor batch). Additional molasses is dispensed from a tractor trailer tanker on an as needed
basis.

The reactors are continuously mixed for a 28-day period. At the end of this period, one sample
would be collected from each reactor and analyzed for explosives using USEPA Method 8330.
The samples are analyzed on a 48-hour tum around to confirm that PRGs have been achieved
prior to emptying the reactors. After the slurry has settled for two days and confirmation of
achieving PRGs had been received, the sludge is pumped from the bottom of the reactor to an
adjacent drying bed. The water in the reactor is left for use in treatment of the next batch of soil.
The drying bed, lined with a 60 mil HOPE liner, would measure 250 feet in length by 50 feet in
width by 4 feet in depth. The reactors would then be reloaded.

5.4.1 Effectiveness
5.4.1.1 Overall Protection of Public Health and the Environment
Remediation is problematical for this general class of technology. There is no information
available for any of the reported aerobic slurry techniques at either the pilot or full-scale level for
remediation of TNT and the other organic contaminants of interest. There is only information at
the bench top level that suggests cleavage during biodegradation of the toluene ring of TNT. It is
also unclear if there is a significant accumulation of intermediate byproducts. While these
technologies are promising, they are still in an early stage of development. It appears likely that
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more development and treatability studies are needed to perfect this technology. Pilot studies
with IAAP soil are required to determine if treatment goals are achievable. Following treatability
studies, thorough testing of the treated soil will be required. It is absolutely necessary that special
analyses be conducted during the field treatability studies to ascertain that no significant amount
of potentially harmful intermediates remain. Analytical methodology will have to be designed to
ascertain whether toluene ring structures remain either free, polymerized, or bound to constituents
of the soil. Any full-scale remediation effort will require testing of the soil prior to disposal.

Results of such studies must show the capacity to reduce present levels of TNT and RDX to
PRGs. After successful treatment of the contaminant molecules the treated soil will be returned
to the stockpile excavation and be covered with two feet of clean soil thereby increasing the
margin of security.

This alternative poses little risk to the community, workers or the environment during its
implementation. Workers will be protected from exposure to contaminants through special waste
handling procedures (e.g., dust control), monitoring, and use of appropriate protective clothing.
If necessary, dust control techniques will be used to protect the local community from fugitive
dust emissions.

5.4.1.2 Compliance with ARARs and Other Criteria, Advisories and Guidance
Alternative 3 requires compliance with the same chemical-specific ARARs presented for
Alternative 1 in Section 5.2.1.2. Treatment standards and acceptable residuals concentrations are
dependent on the remedial action taken, and are therefore discussed as action-specific ARARs.
Compliance with ARARs applicable to the waste pile is discussed in Section 5.2.1.2.

Treatment of the excavated sediments using an aerobic bioslurry is performed in tanks, and as
such is subject to the RCRA requirements for management of hazardous waste in tanks (40 CFR
264 subpart J) and the IHSWR. The tanks used for biological treatment must be designed to meet
the standards established by these regulations and must be provided with secondary containment
to prevent releases to the environment from tank failures or spills. Treatment in tanks must
minimize fugitive emissions to comply with the federal Clean Air Act and the IAPCR. Any water
generated in the treatment process would be discharged through the existing wastewater
treatment facility in accordance with a discharge permit.
5-25

Alternative 3 includes land application of the treated sediments as a final disposal method. These
sediments are subject to the RCRA LDRs, which require that the waste be deactivated to remove
its characteristic of reactivity. Recent unpublished testing by the Corps of Engineers has shown
that the soils and sediments in source areas are not reactive.

All activities at the site will performed in compliance with the Occupational, Safety, and Health
Act (OSHA) regulations for workers at hazardous waste sites (29 CFR 1910.120).

The waste pile, treatment site, and land disposal site are outside the 100-year floodplain.
Therefore, each alternative is not subject to the requirements of the Federal Flood Plain
Management Order or the Iowa Floodplain Development Requirements.

5.4.1.3 Long-Term Effectiveness and Permanence
The effectiveness of this alternative is uncertain. There are presently no reports for pilot or
field-scale demonstrations for aerobic bioslurry treatment of TNT and RDX. It is uncertain that
there is destruction of the intermediate products of degradation. Bench-scale runs indicate the
possibility that the aerobic processes can lower the levels of primary molecules of TNT, RDX,
and HMX thereby reducing risk in the short run. It has not been conclusively shown that the
cleavage of the TNT molecule is complete without intermediates. Such intermediates would
probably bind to the cellulosic and humic portions of the soil. The fate of such bound materials is
unknown. The treated soil would be sampled and analyzed to determine that the remediation has
been effective. Metals and relevant organics would be tested for prior to land disposal.

5.4.1.4 Reduction of Toxicity, Mobility or Volume through Treatment
The amount of hazardous materials to be bioremediated is about 10,000 cubic yards of
contaminated soil with estimated average levels of 5645 mglkg TNT and 1875 mglkg RDX.
Typical contaminant reductions were given by vendors as 70 to 98 percent for bench-scale
experiments. It is difficult to determine if these reductions in TNT represent complete
degradation of the toluene ring. One mass transfer study was quoted but it was not possible to
interpret from these results the extent of degradation. On the basis of available information it is
difficult to make an informed decision relative to reduction of toxicity or mobility. Volume of
contaminated soils should not change notably.
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After aerobic treatment it must be determined that the quantitative and qualitative effects of
residuals in the treated soil are below risk based levels. Additionally, all of the resulting residues
must be sampled for metals of concern.

Due to the embryonic state of this technology it is difficult to determine if this alternative will
satisfY USEPA's preference for permanent reduction in toxicity.

Short Term Effectiveness and Permanence

5.4.1.5

The relatively large size of the installation provides for isolation of the sites. Residents adjacent to
lAAP are located a sufficient distance from the planned removal activities to prevent public
impact. As stated previously, this could be in the form of:

•

fugitive dust emissions

•

migration of contaminants into surface water from mishandling

•

migration of contaminants to surface soil from mishandling

The potential for release of contaminants to surface soil or water will be prevented through
implementation of proper engineering controls. The use of silt fences and engineered handling
areas will prevent contamination of surface water sources through run-off Well maintained and
decontaminated trucks and equipment will control the spread of contamination.

Aerobic bioslurry presents little risk to the community during implementation. The gases vented
during the operation of these processes do not present an endangerment. A small amount of
waste water will be generated from the decontamination of construction equipment. Such water
can be decontaminated by carbon cartridges or sent into the treatment process. The construction
and the presence of the treatment cell and ancillary equipment will be sufficiently protected.

The contaminants in question are generally considered hazardous for contact to the skin, eye, and
mucous membranes, ingestion, and respiratory intake.

The various contractors for any

earthmoving, mixing, or transporting activities of contaminated soils will have to examine their
particular site activities and submit suitable site safety plans for their activities. These plans will
describe appropriate sampling methods to monitor air levels, suitable protective measures to
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prevent skin, eye and mucous membrane contact, and suitable decontamination of clothing and
equipment. There is always the need to monitor the site to make sure there is no localized
concentration of explosives in excess of 12 percent which would present a possibility of
detonation.

Potentially adverse environmental impacts during implementation of the alternative could be
caused by fugitive dust, erosion of contaminates by rain, and leakage of contaminated waters from
the reactive cell. These can be controlled by proper standard operating procedures and correct
design of containment structures for slurries, proper containment of contaminated soils piles and
properly designed pads for soil preparation (mixing).

There is minimal potential adverse environmental impact from the implementation of aerobic
bioslurry other than the possibility that toxic substances may remain at the treatment's termination.

The majority of measures needed to protect the site will be completed during the preparation and
construction of the treatment site.

However, fugitive dust requirements will continue to be

enforced. Water generated from the decontamination of construction equipment can be treated by
carbon cartridges and sent to the lAAP sewage treatment plant.

lAAP is a secured facility of sufficient size to the keep the treatment areas far removed from
near-by residents and intruders. It is estimated that remediation of the contaminated soil could be
completed in 8 months using an aerobic bioslurry treatment.

5.4.2 Implementability
5.4.2.1 Technical Feasibility

It is uncertain if any of the identified aerobic bioslurry technologies will effectively treat the
contaminated soils. On-site treatability studies are needed to established this. After the initial
bench top runs, a pilot-scale project must be run to demonstrate feasibility at the site. A certain
amount of skilled supervision is required to identitY and solve problems which may arise during
implementation of the pilot run and for the following full-scale system. Potential problems include
lack of evidence that the technology will mineralize the contaminants in question. These
processes should be able to show that complete degradation of the products is occurring. Proper
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analyses must be instituted to ascertain that no hydroxylamino or other potential toxic
intermediates are present which may bind to soil constituents. It must be demonstrated that the
microorganisms in question are capable of surviving in the soils of IAAP. Microbial life cycles
can be highly influenced by soil conditions which would be demonstrated by bench and pilot
studies. In such cases there is the possibility of acclimating or otherwise selecting a suitable
bacteria for the site.

The rate of bioremediative processes is driven by microbial metabolism which is directly
influenced by temperature. Treatment will be much more rapid in the summer months and may
stop in the winter months if heating protocols are not adopted. The terrain is open and slightly
rolling, but should be sufficiently level for construction of all the facilities in question.

The removal objectives are to treat soils and sediments to below target levels specified in section
2.0. No further remedial action is anticipated upon completion of these objectives. However, it is
unknown if these goals will be met. All excavations are to be filled in and all soil piles removed
after successful remediation.

5.4.2.2 Administrative Feasibility
Federal, State, and local permits are not required for on-site CERCLA actions. Although permits
are not required, the substantive requirements of the permits must be met. Permits pertaining to
site access for personnel and equipment are required by IAAP.

5.4.2.3 Availability of Services and Materials
Several vendors offer aerobic microbial slurry systems which have been used for treating organic
soil contaminants. Routine laboratory testing capacity and turnaround for chemical analyses are
available for most of the assays. Some development may be necessary for determining if there are
intermediate products bound to soil constituents. The connection and installment utilities for
water and electricity will have to be arranged. Truck and rail links are in existence for servicing
IAAP. There are sufficient contractors of heavy equipment and appropriate mechanical repair to
support aerobic bioslurry.
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5.4.2.4 Regulatory Acceptance
The concerns of the regulatory community will be addressed prior to the final alternative
selection. The State of Iowa has declined to participate in the lAAP FFA in a formal manner.
(Reference a December 7, 1994, letter from the state, as included in Appendix B.) USEPA Region
VII will be given the opportunity to review and comment on this report prior to final selection and
implementation of the treatment.

The discussed aerobic bioslurry technologies are considered innovative technologies. Innovative
technologies are promoted to reduce overall cost of remediation, public concerns of impact to the
environment, and possible savings of resources (i.e., energy) while providing a treatment
alternative equivalent in effectiveness as the best demonstrated technology. Bioremediation
technology is considered innovative and more acceptable than alternatives 1 and 2 (no action and
incineration).

5.4.2.5 Community Acceptance
A public comment period will be provided and the concerns of the public evaluated prior to final
alternative selection. There may be some public apprehension over the use of selected bacteria
employed by these technologies. However, the community has shown limited interest in recent
IRP related activities during the RIfFS process, little significant input is anticipated.

5.4.3 Cost
Costs for aerobic bioslurry treatment were calculated using the USATHAMA report
(Montemagno and Irvine, 1990). Total cost for treating 10,000 cubic yards of contaminated soil
was estimated to be $3,442,395 (Table 5-2). The aerobic bioslurry treatment is carried out in five
reactors. Each reactor capable of treating 250 cubic yards of soil in 30 days including a settling
time of 2 days. A mobilization and demobilization cost of $20,000 is estimated, which includes
assembling and dismantling of the reactors and related equipment. The final cost includes the cost
for post-treatment effluent which can be eliminated if the water is emptied into the sludge drying
bed and evaporated. Based on conversations with USAEC personnel (Hampton, 1995), it was
decided to use molasses as the carbon and nutrient source. The major assumptions made for the
purpose of estimating the cost for aerobic bioslurry treatment process are:

•

Reaction time of 30 days per reactor
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•
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As 1:4 soil to water ratio based on the USATHAMA report.

Alternative 4: Anaerobic Bioslurry

The following conceptual description of the SABRE process was developed based upon
communications with the vendor and a draft USEPA Superfund Innovative Technology
Evaluation (SITE) Technology Capsule (Kaake, 1995; USEPA, 1995). The size and operating
parameters of an actual facility might be modified based on the desired remediation time.
The primary design parameters are that the contaminated soil be treated in four double lined
impoundments with a treatment period of 4 months required to degrade explosives to acceptable
levels. The vendor indicated that treatment time might vary between 60 and 150 days depending
upon site specific conditions and ambient temperatures. During the SITE demonstration, Simplot
claimed that a 95 percent reduction efficiency was achieved in approximately 5 months; USEPA
data found a 99.4 percent reduction efficiency after a 9 month treatment period (USEPA, 1995).

The basic design of an anaerobic bioslurry system involve a reactor system comprised of a series
of lagoons constructed adjacent to the IDA. The contaminated soil will be processed as a single
batch divided between four sperate treatment units. As diagrammed in Appendix A, four units
each 300 feet long, 100 feet wide and 7.5 feet deep will be constructed. The pits will be
surrounded by berms, lined with clay and 2 HDPE liners separated by a Geonet layer. The liner
system will include a leachate collection system in accordance with RCRA Subtitle K
requirements. For purposes of costing this alternative, it was assumed that approximately 2 feet
of soil would be placed in the impoundments and covered with about 2 feet of water. The water
used need not be potable. Water requirements at the USEPA demonstration project were
approximately 213 gallons per cubic yard of soil treated, however the vendor indicated that 350
gallons per cubic yard should be available (USEPA, 1995).

Screened soil from the RCRA Stockpile will be transferred from the stockpile to the treatment
units via slurry pipeline. During the transfer, a JR. Simplot potato-processing starch by-product
will be homogenized with the slurry at about 2 percent by weight. The soiVstarch slurry mixture
is produced at a ratio of I-kg soiVstarch to l-L water. The slurry is optimally maintained at a pH
of6 to 7 through addition of phosphate buffer, caustic potash and mild acid (i.e. phosphoric acid).
Additional amendments include potassium, and a proprietary nitroaromatic-degrading microbial
consortium. Temperature is controlled at an optimal 35°C to 3TC. Temperature, pH, and redox
potential in the treatment units must be monitored. A pH below 8 is maintained (ideally between
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6 and 7 for TNT degradation). The specially selected consortium of anaerobic microorganisms
only becomes active when the redox potential is sufficiently low (below -200 mY) (Simplot,
1995).

The potato starch is used to create the highly reducing (low redox potential) conditions required
for the microorganisms to thrive. Aerobic bacteria in the water and soil consume the carbon
source which depletes the remaining oxygen and lowers the redox potential of the system.

A gantry-mounted hydromixer used to mix the slurry straddles the impoundment and rides on iron
rails mounted on a simple foundation. The foundation consists of concrete used to fill the key
trench for the impoundment liner. The gantry is sectional and is available in sizes which will mix
an impoundment up to 100-feet wide. It is assumed that each impoundment is mixed every other
day. Mixing will require 2 persons full time.

The slurry should ideally be kept between 35°C and 37°C for the treatment of TNT, since loss of
heat adversely affects the activity of the microbial populations. It is assumed that contaminated
soils are treated during summer months. However, if necessary, electrical immersion heaters and
a solar blanket may be used to maintain appropriate temperatures during winter months.

Following the treatment period, it is assumed that the water in the impoundment will be to
evaporated or will be treated using activated carbon. The impoundment liners are then breached
and filled to grade with clean soil. Alternatively, the impoundments may be used during the
phyto-remediation pilot scale study for aquifer remediation.

5.5.1 Effectiveness
5.5.1.1 Overall Protection ofPublic Health and the Environment
As discussed in section 4.3.2 the 1. R. Simplot Company SABRE process claims to achieve
cleavage of the toluene ring of TNT without the accumulation of intennediate byproducts. While
this technology is promising as indicated by unofficial pre-publication reports, it is still quite novel
and not yet been sufficiently tested at full scale. Special analyses are necessary during treatability
studies to ascertain that no significant amount of potentially harmful intennediates remain.
Analytical methodology will have to be designed to determine that no toluene ring structures
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remain either free, polymerized, or bound to constituents of the soil. The study at Weldon
Springs Ordnance Works involving TNT contaminated soils successfully demonstrated the
reduction of TNT from concentrations as high as 1,500 mg/kg to a level of 8.7 mg/kg
corresponding to a 99.4 percent DRE (USEPA, 1995).

Pilot studies will be necessary to demonstrate that the stated objectives can be achieved under
actual field conditions. Results of previous studies are claimed to show the capacity to reduce
levels of 13,000 mg/kg of TNT and 3000 mg/kg of RDX to site remediation goals. There is
presently no data for remediation of high levels of HMX. Treatability studies will be needed to
ascertain that successful remediation is possible under field conditions at IAAP. After successful
treatment of the contaminant molecules, the treated soil will be placed into a protected excavation
thereby increasing the margin of security.

This alternative poses little risk to the community, workers or the environment during its
implementation. Workers will be protected from exposure to contaminants through special waste
handling procedures (e.g., dust control), monitoring, and use of appropriate protective clothing.
If necessary, dust control techniques will be used to protect the local community from fugitive
dust emissions.

5.5.1.2 Compliance with ARARs and Other Criteria, Advisories, and Guidance
Alternative 4 requires compliance with the same chemical-specific ARARs presented for
Alternative 1 in Section 5.2.1.2. Treatment standards and acceptable residuals concentrations are
dependent on the remedial action taken, and are therefore discussed as action-specific ARARs.
Compliance with ARARs applicable to the waste pile is discussed in Section 5.2.1.2.

Treatment of the excavated sediments using an anaerobic bioslurry will be performed in lagoons.
This is subject to the RCRA requirements for management of hazardous waste in impoundments
(40 CFR 264 subpart K) and the IHSWR. The lagoons used for biological treatment must be
designed to meet the standards established by these regulations and must prevent releases to the
environment from liner failures or spills.

Anaerobic treatment of sediments requires that the

lagoons minimize emissions to comply with the federal Clean Air Act and the IAPCR. Any water
generated in the treatment process will be discharged through the existing wastewater treatment
facility in accordance with a discharge permit or allowed to evaporate.
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Alternative 4 includes land application of the treated sediments as a final disposal method. These
sediments are also subject to the RCRA LDRs, which require that the waste be deactivated to
remove its characteristic of reactivity. The aerobic bioslurry treatment must demonstrate
compliance with this requirement in order for on site land application to bean acceptable disposal
method.

All activities at the site will be performed in compliance with the Occupational, Safety, and Health
Act (OSHA) regulations for workers at hazardous waste sites (29 CFR 1910.120).

The waste pile, treatment site, and land disposal site are outside the 100-year floodplain.
Therefore, each alternative is not subject to the requirements of the Federal Flood Plain
Management Order or the Iowa Floodplain Development Requirements.

5.5.1.3 Long-Term Effectiveness and Permanence
Bench and pilot-scale studies indicate that the SABRE processes is capable of lowering the levels
of TNT (and probably RDX and HMX) to acceptable levels (below 10-5) thereby reducing risk.
There are indications that the SABRE process results in the permanent and irreversible cleavage
of the TNT molecule with no accumulation of potentially dangerous intermediate. Such
intermediates may bind to the cellulosic and humic portions of the soil. The fate of such bound
materials is unknown.

The results obtained from on-site treatability trials at IAAP require

confirmation by an exacting protocol for sample collection and analytical methodology designed
to detect free and soil bound intermediates. This must be instituted before it can be determined if
this technology guarantees a solution of long term effectiveness and permanence for IAAP.
Toxicity testing has been performed on soils contaminated with TNT and treated by the SABRE
process. Earthworm survival rate in soils prior to treatment was zero percent even following a
100 percent dilution. Earthworms in soils that were obtained from an intermediate phase of the
treatment had a near 100 percent survival rate in all dilutions. Additionally, a root elongation
study showed a direct positive correlation between growth of alfalfa, red clover, cucumber,
lettuce and wheat in soils obtained following treatment compared to soils with no treatment
(USEPA, 1995).

The treated soil will be sampled and analyzed to determine that the remediation has been effective.
Metals and relevant organics will be tested for prior to land disposal.
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5.5.1.4 Reduction of Toxicity, Mobility or Volume Through Treatment
The treatment process employed is the SABRE process and the materials to be treated are TNT,
RDX and other related organic molecules. The amount of hazardous materials to bioremediated
is approximately 10,000 cubic yards of contaminated soil with estimated average levels of TNT
5645 mglkg and RDX 1875 mglkg.

This is a relatively new process and it will not be possible to calculate the degree of reduction in
toxicity and mobility until field trials are completed. The vendor claims that TNT can be reduced
to less than 9.0 mglkg and RDX to less than 2.0 mg/kg. Volume, upon successful treatment and
drying of the treated slurry is not expected to significantly change. A successful treatment will
effectively reduce the hazard from these organic molecules relative to toxicity and mobility.
These minimal levels should be nondetachable and will cause no further impact on groundwater.
After a successful treatment the type and quantity of residuals in the treated soil is expected to be
below the risk based levels. However, all of the resulting residues must be sampled for metals of
concern. This treatment is irreversible.

This alternative, while still not fully developed, does show promise of success and, if successful,
will satisfy USEPA's preference for treatment.

5.5.1.5 Short Term Effectiveness
The SABRE process presents little risk to the community during implementation. The gases
vented during the operation of these processes do not present an endangerment. A small amount
of waste water is generated from the decontamination of construction equipment. Such water
may be decontaminated by carbon cartridges or sent into the treatment process. The construction
and the presence of the treatment cell and ancillary equipment will be sufficiently protected.

The contaminants in question are generally considered hazardous for contact to the skin, eye, and
mucous membranes, ingestion, and respiratory intake. The various contractors for any
earth-moving, mixing, or transporting activities of contaminated soils will have to examine their
particular site activities and submit suitable site safety plans for their activities. These plans will
describe appropriate sampling methods to monitor air levels, suitable protective measures to
prevent skin, eye and mucous membrane contact, and suitable decontamination of clothing and
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equipment. There is the need to monitor the site to make sure there is no localized concentration
of explosives in excess of 12 percent which would present a possibility of detonation.

Potentially adverse environmental impacts during implementation of the alternative may be caused
by fugitive dust, erosion of contaminates by rain, and leakage of contaminated waters from the
reactive cell. These can be controlled by proper standard operating procedures and correct design
of containment structures. For slurries, proper containment of contaminated soils piles, and
properly designed pads for soil preparation is required.

The relatively large size of the installation provides for isolation of the sites. Residents adjacent to
IAAP are located a sufficient distance from the planned removal activities to prevent public
impact. As stated previously, this could be in the form of:

•

fugitive dust emissions

•

migration of contaminants into surface water from mishandling

•

migration of contaminants to surface soil from mishandling

The potential migration of contaminants to surface soil or water will be prevented through use of
appropriate engineering controls. The use of silt fences and engineered handling areas will
prevent contamination of surface water sources through run-off
Well maintained and
decontaminated trucks and equipment will control the spread of contamination.

There is minimal potential adverse environmental impact from the implementation of an aerobic
bioslurry treatment other than the possibility that toxic substances may remain at the treatment's
termination.

The majority of measures needed to protect the site will be completed during the preparation and
construction of the treatment site. However, fugitive dust requirements will continue to be
enforced. Water generated from the decontamination of construction equipment can be
decontaminated by carbon cartridges sent to a sewage treatment plant.
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5.5.2 Implementability
5.5.2.1 Technical Feasibility
There is reasonable certainty that the SABRE process will effectively treat and reduce the levels
of TNT, HMX, and RDX in the contaminated soils based upon the previously discussed studies.
On-site treatability studies will be needed to establish the feasibility at IAAP. Initial pilot
treatments will determine if the bacterial consortia are compatible or need modification to survive
in the soils of IAAP. A certain amount of skilled supervision will be needed to identify and solve
problems which may arise during implementation of the pilot run and for the following full scale
system. It must be shown that the SABRE process will actually mineralize the contaminates in
question. Complete degradation of the products must be demonstrated and proper analyses must
be instituted to ascertain that no hydroxylamino or other potential toxic intermediates are present
which may bind to soil constituents. Since microbial life cycles can be highly influenced by soil
conditions, viability of the treatment should be verified by bench and pilot studies. In adverse
cases there is the possibility of acclimating or otherwise selecting suitable bacteria for the site.

The rates of bioremediation processes are driven by microbial metabolism which is directly related
to temperature. Treatment will be much more rapid in the summer months and may possibly stop
in the winter months if heating protocols are not adopted. The terrain is open and slightly rolling,
but should be sufficiently level for construction of all the facilities in question.

No further remedial action is anticipated upon completion of these objectives. However, there
will have to be confirmation that treatment objectives are met. All excavations are to be filled in
and all soil piles removed after successful remediation.

5.5.2.2 Administrative Feasibility
Federal, State, and local permits are not required for on-site CERCLA actions. Although permits
are not required, the substantive requirements of the permits must be met. Permits pertaining to
site access for personnel and equipment are required by IAAP. The regulatory agencies should
readily accept this alternative for treating explosives. Access to the patent and/or royalty rights
must be negotiated.
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5.5.2.3 Availability of Services and Materials
All equipment necessary to implement this technology is available from the vendor and
conventional sources. Technical expertise for this operation and any necessary training may be
supplied by the vendor.

Routine laboratory testing capacity and turnaround for chemical analyses are available for most of
the assays. Some development may be necessary for determining if there are intermediate
products bound to soil constituents. The connection and installment utilities for water and
electricity will have to be arranged. Truck and rail links are in existence for servicing IAAP.
There are sufficient contractors of heavy equipment and appropriate mechanical repair services to
support Anaerobic Bioslurry at IAAP.

5.5.2.4 Regulatory Acceptance
The concerns of the state regulatory community will be addressed prior to the final alternative
selection. The State of Iowa has declined to participate in the IAAP FFA in a formal manner.
The USEPA Region VII will be given the opportunity to review and comment on this draft report
prior to final selection and implementation of the treatment technology.

The discussed anaerobic technology is considered innovative. Innovative technologies are
promoted to reduce overall cost of remediation, public concerns of impact to the environment,
and possible savings of resources (i.e., energy) while providing a treatment alternative equivalent
in effectiveness as the best demonstrated technology.

5.5.2.5 Community Acceptance
A public comment period will be provided and concerns of the public evaluated prior to final
alternative selection. There may be some public apprehension over the use of selected bacteria
employed by these technologies. However, the community has shown limited interest in recent
IRP related activities during the RIfFS process, little significant input is anticipated.
Bioremediation technology is considered innovative and more acceptable than Alternatives I and
2 (no action and incineration).
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5.5.3 Cost
Costs for anaerobic bioremediation treatment are based on the quotes supplied IR. Simplot
Company and independent suppliers. The estimated costs for Alternative 4 are illustrated in Table
5-1. The cost for treating 10,000 cubic yards of soil in four pits is estimated to be $2,715,067
based on Option A (Table 5-3). Anaerobic treatment provides three options for disposing the
treated soil. In Option A, the slurry is left in place and water evaporated naturally. A clean soil is
provided over the pits after the soil is dry and is revegetated. In Option B, at the end of the
treatment train, the solids are allowed to settle through gravity. The supernatant is than pumped
and treated through a granular activated carbon column and discharged into nearby Long Creek in
accordance with NPDES requirements. The biological degradation of organics in the soil is
supposed to occur within 90 days and the ideal operating temperature is 35° C. Finally, in Option
C, the water is evaporated naturally and the dry soil is disposed in the Inert Landfill area.

The limitation of the Simplot treatment system is that the soil cannot be effectively spread along
the length and breadth of each pit, hence it is convenient to slurry the soil at the RCRA stock-pile,
and then pump this into individual pits. The assumptions made for the purpose of estimating the
cost for Simplot process are as follows:

•

The staging area will be within the vicinity of the RCRA stock-pile and the round
trip distance from the stock-pile to the staging area is approximately one mile,
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•

The contaminated soil is screened to one inch or less fines prior to being placed in
the RCRA stockpile,

•

The treatment is ideally completed during the summer months.

Alternative 5: Windrow ComDosting

The following conceptual description of windrow composting was based on various
USATHAMA reports (USATHAMA, 1991; Roy F. Weston Inc., 1993a; 1993b). The size and
operating parameters of an actual facility might be modified based on the desired remediation
time.

The conceptual process descriptions which follow address the system components and

operations required to complete remediation using composting.
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The contaminated soil is excavated as described. Soil is hauled from the RCRA Stockpile to the
asphalt mixing pad. The mixing pad is 60 feet by 120 feet. The amendments and contaminated
soil are delivered to the mixing pad on an as needed basis. Two asphalt windrow pads measuring
300 feet by 110 feet will be constructed. Each pad is of sufficient size to allow the construction
of three windrows measuring 14 feet by 240 feet and is contained within a temporary building.

The amendment composition, developed on the basis of materials available in the region around
the site incorporates cow manure, alfalfa, and com straw, which should be effective at reducing
explosive concentrations (Roy F. Weston Inc., 1991a; 1993a; 1993b). An optimization study will
be required to confirm the effectiveness of this mixture as com straw has not been used
previously.

The most effective soil loading volume as a percent of total compost volume is 30 percent (Roy F.
Weston Inc., 1993b). Greater volume loading might reduce the degradation potential of the
explosives, due to inhibition of self-heating. For the development of costs and operating
parameters, a soil loading of 30 percent is assumed. The soil loading has the single largest effect
on the economics of the composting system. Because the soil is a minority fraction, changes in
loading greatly influence the volume of amendment required, the size of the facility necessary to
process the compost mixture, and the remediation period.

A volume of contaminated soil will be placed on the mixing pad, 2.3 volumes of amendment are
added, and the materials are combined using a front-end loader. The mixed batch is loaded into a
dump truck and delivered to the windrow pad area before another batch is mixed. At the
windrow pad area, a front-end loader is used to form the mixture into a windrow. Each windrow
will treat 145 cubic yards of contaminated soil. For purposes of the Evaluation of Treatment
Alternatives, it is assumed that soil excavation and compost preparation would be performed five
days per week.

The primary design parameter is that a composting period of 30 days is required to degrade
explosives to acceptable levels using windrows. This period is based on USATHAMA windrow
studies (Roy F. Weston Inc., 1993a; 1993b). The composting period required from November
through March will increase slightly because of low ambient air temperatures. More recent
studies indicated that an optimized system may achieve the desired cleanup levels in a period of 15
to 20 days.
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For purposes of costing this alternative, it is assumed that the windrows are constructed on
asphalt pads with room available to maneuver a mechanical windrow machine. The pads will be
covered with temporary structures measuring 300 feet by 110 feet. The primary benefits to
covering the windrows are:

•

Reduce dispersion of material due to wind erosion

•

Minimize leachate by eliminating direct precipitation and stormwater run-on

•

Better control of temperature, moisture, and odors by reducing air exchange with
the external atmosphere

Every working day, a new batch of compost mixture is either used to start a new windrow or
added as a new segment to an existing windrow. The windrow machine then passes over the new
compost to fluff it, aerate it, and establish the windrow. Once established, a windrow requires
turning periodically by the windrow turning machine. The optimum turning period in terms of
balancing temperature control and aeration is approximately every 2 to 3 days. At the start of the
third or fourth week, the volume of the windrow is reduced by microbial activity so the windrow
could be consolidated using a front-end loader. After a given windrow segment had composted
for 30 days, it is sampled and analyzed using USEPA Method 8330 to verify that remedial
performance standards are met. In addition, samples will be collected from each windrow
immediately after construction and will be analyzed using USEPA Method 8330 to determine the
initial contaminant levels. Two samples will be collected during treatment and be analyzed using a
field screening method (Jenkins, 1990) to monitor treatment progress. Measurements of
temperature and moisture content are collected on a regular basis.

Once it is confirmed that remedial performance standards were achieved, the compost is loaded
into a dump truck for transport to a treated soil stockpile. The entire volume of soil will be
removed from the RCRA Stockpile, and the treated soil will be returned to the RCRA Stockpile
excavation. The treated soil is then covered with 2 feet of clean soil.

Aeration for the compost matrix is provided by the windrow-turning machine. This is assumed to
be a self-propelled machine using a rotating drum with multiple short blades. As the machine
moves along the windrow, the drum cuts into the windrow, macerating and fluffing the compost
pile, which introduces air into the compost matrix. This process increases the volume of the
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windrow by approximately 20 percent, admitting an excess amount of oxygen to maintain
microbial activity but releasing heat and water vapor.

The loss of heat and water can adversely affect the activity of the microbial populations. In order
to reduce the loss of heat and moisture it is assumed that composting will be conducted in a
temporary structure. Alternatively, the windrows may be covered with a fabric like Goretex to
help reduce heat loss by maintaining a more uniform air temperature in the immediate vicinity of
the material. The drawback to using a fabric as opposed to a structure is that precipitation falling
on the treatment pad will then need to be managed and may require treatment. To combat
moisture loss, water is added to the windrows as needed.

The compost periods assumed for the windrow system were developed based on the remedial
goals for the project, reducing explosive concentrations to levels that are protective of human
health. A composting period of 30 days was assumed necessary to achieve PRGs. However,
recent studies indicate that 15 to 20 days may be sufficient for cleanup of explosive contaminated
soil. As described in Section 5.1.4, the compost will be replaced in the excavation when the
remedial goals are achieved.

Many of the materials in the compost amendment, such as the manure, are expected to
decompose within the 30-day period. However, some of the components in the amendment,
particularly vegetable matter such as straw, are more difficult to decompose because of lignins.
Therefore, composting of materials will continue beyond the initial 30 days.

This phase of composting is referred to as "curing," and results in the production of stabilized
compost. Once stabilized, the compost has no additional nutrient demands and the need for
oxygen is low. Curing is enhanced by active management of the compost. However, curing will
continue to proceed at slower pace even if the compost is not managed and the treated soil is
replaced in the excavation.

State solid waste regulations generally specify the acceptable quality of composted materials if
made available to the public immediately. Regulatory acceptance normally requires curing.
However, the goals at IAAP are not comparable to the goals for a typical composting facility.
IAAP will restrict access to the area where the compost has been backfilled until it has fully cured
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in order to limit public exposure. Therefore, it is assumed that a 30-day compost period followed
by replacement of the treated soil into the excavation is acceptable.

5.6.1 Effectiveness

5.6.1.1 Overall Protection of Public Health and the Environment
AEC has developed a model that assists in the design during bench-scale testing to aid in selection
of composting parameters.
These include amendments, soiVamendment ratios, and the
composting reaction period (ABB Environmental Services, 1994). There has been close
correlation of model predicted values to full-scale demonstration requirements in the project at
Umatilla. The lAAP project will be preceded by treatability testing to optimize the process
parameters, select optimal locally available amendments, and study potential toxicity of the treated
compost. The little information available for mass transfer indicates lack of cleavage for the
toluene ring of TNT. This technology is simple and very effectively lowers the concentrations
TNT and RDX. It appears that there is an accumulation of intermediate products. Any decision
to employ windrow composting should be contingent upon successful treatability studies. While
this technology is promising, it is necessary that analyses be conducted during treatability studies
to ascertain that no significant amount of potentially harmful intermediates remain. Analytical
methodology will have to be designed to ascertain whether toluene ring structures remain either
free, polymerized, or bound to constituents of the soil. Toxicity testing will also be required.

Pilot studies are necessary to demonstrate that at lAAP all of the stated objectives can be
achieved under actual field conditions. Results of such studies must show the capacity to reduce
present levels of TNT, RDX, and HMX to PRGs. After successful treatment of the contaminant
molecules the treated soil will be placed back into the former RCRA Stockpile area and covered
with the previously used soil cover material. This provides an additional margin of security.

Possible short term impacts require dust control for workers and environmental safety during
remediation. These potential risks, are expected to be minimal and will be addressed in the Health
and Safety Plan.
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5.6.1.2 Compliance with ARARs and Other Criteria, Advisories, and Guidance
Excavation of sediments and management in a waste pile will require compliance with the federal
Clean Water Act, and the corresponding Iowa Water Pollution Control Regulations (IWPCR).
Water resulting from the excavation, precipitation contacting the waste pile, and leachate from the
waste pile must be discharged in accordance with a surface water discharge permit. The facility
currently holds a NPDES permit, and the water may be routed to the existing wastewater
treatment system for disposal through the permitted outfall. The excavation and waste pile must
also comply with the federal Clean Air Act, and the Iowa Air Pollution Control Regulations
(IAPCR), which control the emission of hazardous air pollutants and fugitive dust emissions. The
excavation will be conducted in compliance with the IAPCR to minimize dust and fugitive
emissions. Windrows will be constructed in a temporary structure to minimize the possibility of
scattering of the contaminated materials during aeration.

Treatment of the excavated sediments by composting will comply with the RCRA land treatment
regulations (40 CFR 264 Subpart M) as well as the corresponding lliSWR. The federal Clean
Water Act and the IWPCR regulations will require proper management of stormwater runoff that
contacts the compost windrows. Water will be directed to the existing wastewater treatment
system and discharged through the existing permitted outfall. The federal Clean Air Act and the
IAPCR will require operation of the compost windrows to minimize the generation of fugitive
dust.

Once composting is complete, treated sediments will be spread on-site. Thus, the treated waste is
subject to the RCRA LDRs (40 CFR 268). These regulations establish treatment standards, and
acceptable residual concentrations for hazardous wastes which will be disposed of in landfills or
on the ground surface. The LDRs applicable to the contaminated sediments stipulate that treated
sediments must be deactivated by the composting process, so that they no longer exhibit the
characteristic of reactivity, prior to being spread on-site.

All activities at the site will be performed in compliance with the Occupational, Safety, and Health
Act (OSHA) regulations for workers at hazardous waste sites (29 CFR 1910.120).
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The waste pile, treatment site, and land disposal site are outside the 1DO-year floodplain.
Therefore, each alternative is not subject to the requirements of the Federal Flood Plain
Management Order or the Iowa Floodplain Development Requirements.

5.6.1.3 Long-term Effectiveness and Permanence
Field-scale treatments indicate the possibility that the windrow composting can lower the levels of
TNT, RDX, HMX and other cited contaminants thereby reducing risk. One mass transfer study
indicates that there is an accumulation of intermediates containing the toluene ring and no
significant mineralization of the ring. Such intermediates probably bind the cellulosic and humic
portions of the soil. The fate of such bound materials is unknown. There is no definite answer
possible relative to guaranteeing long term effectiveness and permanence.

In one study, about 50 percent of the of the carbon from TNT was recovered in cellulose and
humin fractions of the compost in a form not readily extractable with organic solvents. Cellulose
will ultimately degrade in the presence of naturally occurring bacteria and fungi. In soil, the
half-life of cellulose may range from several weeks to many years. Cellulose remains following
composting when the microbial population has not been sustained at an optimal degradation rate
for a long enough period. Microorganisms responsible for degradation of cellulose may be
exhausted following composting preventing further degradation of the more recalcitrant fractions.
Humin resists further degradation in soils and has a mean residence time of hundreds of years
(pennington et aI., 1994). Recent studies indicate that the final compost is quite stable.

The treated soil will be sampled and analyzed to determine that remediation has been effective.
Metals and relevant organics will be tested for prior to land disposal.

5.6.1.4 Reduction of Toxicity, Mobility or Volume through Treatment
The amount of hazardous materials to be bioremediated is about 10,000 cubic yards of
contaminated soil with levels of TNT estimated to average 5645 mg/kg and RDX at 1875 mg/kg.
Composting has demonstrated 98 to 99.9 percent reduction in TNT concentrations; RDX
reduction of greater than 99.7 percent; and HMX reduction of greater than 98.5 percent. These
reductions however, are only for the primary structures of the molecules and one mass transfer
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study indicated no mineralization and an accumulation of intermediate compounds. Mobility is
reduced as intermediates are bound to the compost matrix. The final compost volume will exceed
the volume of contaminated soils by about 80 percent.

After a treatment of this type it will be difficult to determine the quantitative and qualitative
effects of residuals in the treated soil and the relative risk based levels. Additionally, all of the
resulting residues must be sampled for metals of concern.

This alternative is likely to leave some residual compounds. However, due to the strong affinity
of decomposition products for the compost mixture, extractable concentrations of explosives have
been shown to decrease by over 98 percent. Additionally, toxicological studies conducted by Oak
Ridge National Lab indicate that under certain conditions, the aquatic toxicity of the soil leachate
can be reduced by 88 percent and bacterial mutagenicity by 98 percent (ORNL, 1991). Also, the
study concluded that based upon conservative conversion estimates, toxicity to humans would not
be expected from the composting leachate tested.

5.6.1.5 Short Term Effectiveness and Permanence
Composting presents little risk to the community during implementation. The gases vented during
the operation of these processes do not present an endangerment. The small amount of waste
water would generated from the decontamination of construction equipment may be
decontaminated by carbon cartridges or sent into the treatment process. The construction and the
presence of the treatment area and ancillary equipment will be sufficiently protective of local
populations. lAAP is a secured facility of sufficient size to the keep the treatment areas far
removed from near-by residents and intruders.

The contaminants in question are generally considered hazardous for contact to the skin, eye,
mucous membranes, ingestion, and respiratory intake.
The various contractors for any
earth-moving, mixing, or transporting activities of contaminated soils will have to examine their
particular site activities and submit suitable site safety plans for their activities. These plans will
describe appropriate sampling methods to monitor air levels, suitable protective measures to
prevent skin, eye and mucous membrane contact, and suitable decontamination of clothing and
equipment. The site will require monitoring to ensure there is no localized concentration of
explosives in excess of 12 percent which would present a possibility of detonation.
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Potentially adverse environmental impacts during implementation of the alternative could be
caused by fugitive dust, erosion of contaminants by rain, and leakage of contaminated waters from
the treatment area. These can be controlled by proper standard operating procedures and design
of containment structures for slurries, proper containment of contaminated soil piles, and properly
designed pads for soil preparation (mixing).

There is minimal potential adverse environmental impact from the implementation of composting
other than the possibility that toxic substances may remain at the treatment's termination.

5.6.2 Implementability

5.6.2.1 Technical Feasibility
There is reasonable certainty that windrow composting will reduce the levels of the primary
molecules of TNT, HMX, and RDX in the contaminated soils as demonstrated in pilot studies at
Umatilla Army Depot and Bangor Submarine Base. Composting of agricultural wastes is a well
developed technology, however explosive degradation byproduct fate using soils from IAAP must
be studied. Initial pilot treatments will be conducted to develop optimal amendment mixtures and
operating protocols. Microbial life cycles can be highly influenced by soil conditions which will be
demonstrated by bench and pilot studies. In such cases there is the possibility of modifying the
compost composition to optimize degradation. A certain amount of skilled supervision will be
needed to identify and solve problems which may arise during implementation of the pilot run and
for the following full scaled system. As part of the treatability study, it is necessary to confirm
that PRGs can be achieved, to identify whether toxic intermediaries are being produced and
determine their fate, and confirm a reduction in toxicity and mutagenicity of the treated soil and
leachate.

The design of this technology includes provisions for temperature control. Composting produces
heat as a byproduct of microbial metabolism which can be regulated by amendment, mixing, and
sheltering protocol. The winter months should not too adversely effect these operations. The
terrain is open and slightly rolling, but should be sufficiently level for construction of all the
necessary facilities.
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5.6.2.2 Administrative Feasibility
Federal, State, and local permits are not required for on-site CERCLA actions. Although permits
are not required, the substantive requirements of the permits must be met.. Permits pertaining to
site access for personnel and equipment are required by IAAP.
Certain aspects of implementing composting technologies are typically regulated under local law.
The regulatory agencies should readily accept this alternative for treating explosives.

5.6.2.3 Availability of Services and Materials.
Several windrow turners have been utilized for explosives composting and are available for use at
IAAP. Operations require little specialized training.

Routine laboratory testing capacity and turnaround for chemical analyses are available for most of
the assays. Some development may be necessary for determining if there are intennediate
products bound to soil constituents. The connection and installment utilities for water and
electricity will have to be arranged. Truck and rail links are in existence for servicing IAAP.
There are sufficient contractors of heavy equipment and appropriate mechanical repair services to
support composting at IAAP.

5.6.2.4 Regulatory Acceptance
The concerns of the regulatory community will be addressed prior to the final alternative
selection. The State of Iowa has declined to participate in the IAAP FFA in a fonnal manner.
USEPA Region VII will be given the opportunity to review and comment on this report prior to
selection and implementation of the treatment system.

Composting is considered an innovative technologie. Innovative technologies are promoted to
reduce overall cost of remediation, public concerns of impact to the environment, and possible
savings of resources (i.e., energy) while providing a treatment alternative equivalent in
effectiveness as the best demonstrated technology. Additionally, Umatilla ROD has selected
windrow composting as the preferred alternative.

5.6.2.5 Community Acceptance
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A public comment period will be provided and the concerns of the public evaluated prior to final
alternative selection. There may be some public apprehension over the use of selected bacteria
employed by these technologies. Bioremediation technology is considered innovative and more
acceptable than alternatives 1 and 2 (no action and incineration).

5.6.3 Cost
Costs for Windrow composting are based on the prices in the USAEC report (Weston, 1993a;
1993b). Total cost for composting 10,000 cubic yards of contaminated soil is estimated to be
$2,882,473.00 (Table 5-4). Two buildings measuring 300 feet by 110 feet will be constructed
that will be enclosed by temporary structures. Three windrows will be constructed in each
building, each windrow measuring 14 feet by 240 feet. The leachate generated during the
treatment will be re-circulated for moistening the windrows, thus eliminating cost for treatment of
leachate. Locally available amendments, such as chopped corn straw, alfalfa, and cow manure are
utilized for costing purposes. A mobilization and demobilization cost of $88,100 was assumed
based on the USAEC report (Weston, 1993a; 1993b). Major assumptions made for the purposes
of estimating costs for composting are as follows:

•

Soil loading of 30 percent of the total compost volume was assumed as per
USAEC report.

•

There will an 100 percent increase in volume in the treated soil

•

A reaction time of30 days including the tie for setting up the windrow is assumed.
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Table 5-1
Summary of Cost of StoragelIncinerationlBackfill

COST

DESCRIPTION
Site Clearing & Surface Grading

$34,970.00

Roadways Construction

$18,960.00

Storage Building & Concrete Pad

$105,850.00

Concrete Pad for the Incinerator

$34,400.00

Treated Soil Hauling from Staging Area to Final Disposal Area

$30,960.00

Lighting for the Staging Area

$34,731.00

Fencing for the Staging Area

$30,823.00

Clean Soil Cover & Revegetation

$23,172.00

Erosion Control for the Cap

$11,656.00

Pre-treatment Sampling

$12,000.00

TOTAL COST FOR SOn.. HANDLING & SITE PREPARATION

$337,522.00

Incineration Costs
$145,000.00

Mobilization Cost
Site Preparation

$1,320,000.00

Operation Cost

$3,900,000.00
$165,000.00

Demobilization Cost
TOTAL COST FOR INCINERATION OPERATION

$5,530,000.00

Subtotal for Incineration Costs

$5,867,522.00

Scope Contingencies (l0% of Subtotal)

$580,000.00

Legal & Bid Contingencies (5% of Subtotal)

$290,000.00

Health & Safety (5% of Subtotal)

$290,000.00

Eng. Services, Design & Permitting (5% of Subtotal)

$290,000.00

Subtotal for Contingencies Cost

$1,450,000.00

TOTAL COST

$7,317,522.00
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Table 5-2

Summary of Cost for Aerobic Bioslurry Treatment
COST

DESCRIPTION
Site Clearing & Surface Grading

$24,210.00

Roadways Constmction

$18,960.00
$156,700.00

Foundation Pads
Contaminated Soil Hauling from the Waste Pile to Staging Area

$34,400.00

Treated Soil Hauling from Staging Area to Final Disposal Area

$41,280.00

Lighting for the Staging Area

$20,150.00

Fencing for the Staging Area

$26,689.00

Clean Soil Cover & Revegetation

$27,807.00
$2,202.00

Erosion Control for the Cap
Post-treatment Effiuent Treatment

$60,900.00

Pre-treatment Sampling

$12,000.00

Post-treatment Sampling

$20,000.00
5445,298.00

Total Cost for Soil Handling & Site Preparation
Treatment Systems Costs

$1,601,360.00

Major Treatment System Equipment
Slurry Drying Pit

$21,636.00

Process Water

$24,300.00

Mobilization & Demobilization

$20,000.00
$224,000.00

Site Operators
Fuel Cost

$11,520.00

Electricity Cost

$69,120.00

Nutrients Cost

$350,161.00

TOTAL COST FOR AEROBIC BIOSLURRY TREATMENT

$2,322,097.00

Subtotal

$2,767,395.00

Scope Contingencies (10% of Subtotal)

$270,000.00

Legal & Bid Contingencies (5% of Subtotal)

$135,000.00

Health & Safety (5% of Subtotal)

$135,000.00

Eng. Services, Design & Permitting (5% of Subtotal)

$135,000.00

Subtotal Cost for Contingencies

5675,000.00
$3,442,395.00

TOTAL COST
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Table 5-3
Summary of Cost for Anaerobic Bioremediation
COST

DESCRIPTION
Site Clearing & Surface Grading

$40,346.00

Roadways Construction

$18,960.00

Contaminated Soil Hauling from the Waste Pile to Staging Area

$34,400.00

Option A or Option C:

$34,400.00

Option B:

$90,200.00

Lighting for the Staging Area

$31,800.00

Fencing for the Staging Area

$26,689.00

Clean Soil Cover & Revegetation

$23,172.00
$1,890.00

Erosion Control for the Cap
Pre-treatment Sampling

$12,000.00

Post-treatment Sampling

$10,000.00

TOTAL COST FOR SOIL HANDLING & SITE PREPARATION
OPTION A
OPTIONB
OPTIONC

$233,657.00
$289,457.00
$233,657.00

Anaerobic Bioremediation (Simplot Process) Costs
Mobilization Cost
Demobilization Cost
Pit Construction
Soil Processing Costs

$10,000.00
$10,000.00
$399,410.00
$1,537,000.00

Process cost for Simplot Process

$1,956,410.00

SUB - TOTAL COST FOR ANAEROBIC BIOREMEDIATION
OPTION A
OPTIONB
OPTIONC

$2,190,067.00
$2,245,867.00
$2,190,067.00

Scope Contingencies (10% of Subtotal)
Legal & Bid Contingencies (5% of Subtotal)
Health & Safety (5% of Subtotal)
Eng. Services, Design & Pennitting (5% of Subtotal)

$210,000.00
$105,000.00
$105,000.00
$105,000.00

Sub-Total for Additional Expenses

$525,000.00

TOTAL COST FOR SIMPLOT ANAEROBIC TREATMENT
OPTION A
OPTIONB
OPTIONC

$2,715,067.00
$2,770,867.00
$2,715,067.00
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Table 5-4
Summary of Cost for Windrow Composting
COST

DESCRIPTION
Site Clearing & Surface Grading

$24,210.00

Roadways Construction

$18,960.00

Foundation Pads

$180,380.00

Building over the Windrows

$792,000.00

Amendments Storage Building

$17,496.00

Contaminated Soil Handling & Hauling from the Waste Pile to Staging Area

$42,400.00

Treated Soil Hauling from Staging Area to Final Disposal Area

$68,800.00

Lighting for the Staging Area

$20,150.00

Fencing for the Staging Area

$24,210.00

Clean Soil Cover & Revegetation

$46,344.00
$3,005.00

Erosion Control for the Cap
Pre-treatment Sampling

$12,000.00

Post-treatment Sampling

$23,760.00
$205,500.00

Major Treatment System Equipment

$88,100.00

Mobilization and Demobilization

TOTAL COST FOR SOIL HANDLING & SITE PREPARATION

$1,567,315.00

Operation and Maintenance (O&M) Costs
Site Operators & Turner Operator and Associated Costs

$545,470.00

Amendments Cost

$194,688.00

Subtotal for Operation & Maintenance Costs

$740,158.00
$2,307,473.00

Subtotal
Scope Contingencies (10% of Subtotal)

$230,000.00

Legal & Bid Contingencies (5% of Subtotal)

$115,000.00

Health & Safety (5% of Subtotal)

$115,000.00

Eng. Services, Design & Permitting (5% of Subtotal)

$115,000.00

Subtotal Costs for Contingencies

$575,000.00
$2,882,473.00

TOTAL COST
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6.0

SUMMARY AND RECOMMENDATION OF TREATMENT ALTERNATIVE

This section describes the relative merits of the treatment alternatives that are the subject of this
Report in support of the Removal Action. The relative performance of the alternatives is
presented in relation to the three evaluation criteria: effectiveness, implementability, and cost.
The purpose of this comparison is to highlight the differences in alternatives to support the
selection of a preferred alternative. Table 6-1 lists the evaluation criteria given in the USEPA
Guidance document for the conduct of an EE/CA (USEPA, 1993a). A brief synopsis of the most
relevant discriminators considered important to the selection of a recommended alternative for the
treatment of the 10,000 cubic yards of soils contained in the stockpile from the former Line 1
Impoundment and Line 800 Lagoon and Settling Ponds is presented below.

6.1

Comparison of Alternatives

6.1.1 Effectiveness
While the no-action alternative is effective in elimination of the short term threat to human health
and the environment, the long term effectiveness is dependent on maintaining of the integrity of
the containment stockpile. This alternative also does not effectively reduce the toxicity or volume
of the contaminated soils/sediments.

Each of the treatment technologies evaluated in the previous section is considered to be effective
in treating soils and sediments contaminated with explosives. However, aerobic bioslurry has not
yet been tested in a field scale application. Recent bench-top studies indicate that this method
may be very effective in degrading levels of TNT and RDX to acceptable concentrations. There is
evidence that the process results in some mineralization of these compounds and little
accumulation of toxic intermediates, especially in a cycled aerobic-anoxic culture controlled
environment. Further study is considered necessary before this technology is ready for full scale
application in order to quantifY the effect that operating parameters would have on performance
characteristics.

Conversely, incineration is a technology that has been used at several similar sites successfully and
very little uncertainty exists regarding the application of this technology at IAAP. This process
will yield treated soils that meet treatment goals and will result in destruction of the compounds
thus meeting the goal for permanent reduction in toxicity, volume and mobility.
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Anaerobic bioslurry treatment of the contaminated soils/sediments is considered to be effective in
meeting the treatment goals. The full scale application of this technology has not yet been
accomplished, although field trials have successfully demonstrated that project clean-up goals can
be obtained by this method of treatment.

Windrow composting has also demonstrated that it is effective in reducing contaminant
concentrations to acceptable levels. Although the resulting soils and leachate have been shown to
meet toxicity and carcinogenicity criteria, there is some evidence that the process may not result
in complete mineralization of explosive compounds and that intermediate degradation products
may accumulate in the treated soils. The strong affinity of the intermediate degradation products
to the compost amendment agglomeration has been documented in a number of leachate studies,
though it is not known for how long the products will remain immobile.

6.1.2 Implementability
The no-action alternative is feasible both technically and administratively. However, this
alternative has been determined to be unacceptable both to the USEPA and the Army for the
reasons identified in Section 5.2. The design, construction and maintenance of the stockpile are
standard practices with proven application. It is not certain, however, how long the containment
can be preserved through implementation of stockpile management practices.

The incineration treatment process is highly implementable. Mobile incinerators are available
from a number of vendors, and this technology has been successfully demonstrated at sites with
similar contaminant and physical characteristics. Following a trial bum and treatability test, this
alternative is considered to be highly feasible both technically and administratively in treating the
soils/sediments and in meeting project goals.

The construction and operation of an aerobic bioslurry treatment system is considered to be
feasible from both a technical and administrative standpoint. That is, it is not anticipated that
requirements for equipment or procedures will prevent application of this technology. However,
there is uncertainty regarding the exact design parameters necessary to successfully implement this
technology at full scale. It is anticipated that once these design specifications are developed and
the process is shown to be effective, this technology will be fully implementable.
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The design specifications and operating parameters for anaerobic degradation bioslurry processes
are available in more detail and field trials have been successfully performed utilizing this process.
Technical feasibility is therefore rated highly. The SABRE process has demonstrated technical
feasibility for the destruction of explosive contaminants and intermediate products in soils similar
to those at IAAP. The technology is, however, new and a bench top study is recommended using
soils from the Line 1 Impoundment and Line 800 Lagoon removal areas. The bench top study
should be followed by a pilot scale demonstration using full scale equipment to develop critical
operating parameters. Toxicity studies are also recommended to confirm that process residuals
meet clean-up goals and to assist in assurance of administrative feasibility regarding the ultimate
disposition of these residuals. The application of this process also requires that the Army resolve
outstanding issues regarding access to the proprietary rights of the vendor.

Windrow composting is also considered technically feasible with regard to its use at IAAP. The
process has been demonstrated on similar soils in the field and equipment and technical design,
construction and operating specifications are established. Windrow turners are available that are
applicable for use with explosive-contaminated soils. It is assumed that local procurement of
amendments will not represent a problem. The administrative feasibility is somewhat dependent
on the outcome of necessary pilot study and toxicological study results at IAAP, since some
hazardous byproducts may accumulate in the humic portion of the composted materials.

6.1.3 Cost
The cost for implementing the no-action alternative is minimal. The maintenance and monitoring
requirements over a 30 year period are significantly less than the cost for implementation of any
other treatment alternative studied. The cost for incineration of soils/sediments is approximately
twice the estimated costs for biological alternatives. Among the biological alternatives, aerobic
bioslurry is the least demonstrated process on a field trial scale. The cost for implementing
windrow composting is only slightly higher than the estimated cost for the anaerobic bioslurry
system studied.
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6.2

Recommended Treatment Technology Alternative

As discussed above, the incineration, bioslurry and composting alternatives are each considered to
be effective and implementable. However, there is significant uncertainty associated with the
effectiveness, implementability and resulting costs of the aerobic bioslurry technology. This is due
primarily to the relatively new state of development of this technology. Further study may prove
this alternative to be highly effective, however, it is not considered advanced enough to warrant
recommendation as a treatment alternative at this time.

Incineration is rated as the most effectiVe and implementable process in treating soils and in
meeting project goals at IAAP at this time. However, this alternative is significantly more costly
While windrow
to implement than either windrow composting or anaerobic bioslurry.
composting has been demonstrated in field-trials to a greater extent than the anaerobic bioslurry
process, there is evidence the composted material contains intermediate breakdown products
bound to the humic material. Both of these biological degradation processes require pilot testing
and follow-up toxicological testing to optimize performance characteristics and demonstrate
success in meeting treatment goals.

The Army is committed to identifying technologies that may successfully treat soils contaminated
with explosive compounds in the most cost effective way. Other federal agencies, including the
USEP A, share this commitment as outlined in the August 19, 1994 policy statement from Carol
Browner, USEPA Administrator entitled EPA Policy for Innovative Environmental Technologies
at Federal Facilities.

"The Federal Government has a responsibility to become a leader in promoting and
developing technological solutions for environmental protection.
EPA is committed to
actively promoting and facilitating the use offederal facilities as demonstration and
testing centers for the development of innovative environmental technologies .
Federal facilities offer unique opportunities for collaborative efforts on technology
innovation involving EPA, other Federal departments and agencies, and the private
sector.... "
Taking into consideration the need to advance the state of technology in a cost-effective and
environmentally conscientious way, it is recommended that a treatability study be conducted for
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lAAP soils to evaluate the applicability of anaerobic bioslurry. Following the treatability study, a
pilot scale treatment should be conducted using full scale systems (pits, gantry, pumps etc.).

This treatability study will evaluate the effectiveness of anaerobic bioslurry at lAAP. The
objective of these studies will be to collect critical data for detailed design, operation and
performance monitoring of the process. In addition the most appropriate ultimate disposition of
process residuals will be determined.

Following treatability studies, the pilot scale demonstration will be conducted. By using full scale
equipment on abbreviated treatment pits, the ensuing evaluation of anaerobic bioslurry capability
to meet project objectives for effectiveness, implementability and site specific costs will be
straight-forward.
Following this demonstration, anaerobic bioslurry may be immediately
implemented on a full scale to rapidly complete the remediation.

lAAP is particularly appropriate for this study since the contaminants will have already been
removed from the environment as a consequence of the removal action and subsequent
stockpiling. Therefore, the threat of direct exposure to human or environmental receptors, or of
further contaminant migration is eliminated as a concern.
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TABLE 6-1 COMPARISION OF ALTERNATIVES AGAINST NCP CRITERIA
Effectiveness
Overall Protection Compliance
withARARs

Long-Term
Effectiveness

Reduction of Toxicity,
Mobility, or Volume

Alternatives 2, 3, 4 and 5 Alternatives 2, 3, 4
achieve PROs. Alternative and 5 comply with
1 does not achieve the
all ARARs.
PROs, and is not
addressed further in this
table.

Long-term
effectiveness is
achieved in Alternative
2 by the permanent
destruction of>99.99"A.
of contaminants.

Alternative 2 would provide the greatest
reduction oftoxicity by destroying
virtually all toxic contaminants
(>99.99%). Stack emissions expected to
be oflow toxicity due to the use of air
pollution control devices. Treated soil
is not expected to be hazardous.

Alternative 3: Vendors
have claimed from a 70
to 98% reduction in
contaminant
concentration but
independent
verification of results
are not available.
Alternative 4 is
expected to achieve
long-term protection by
destroying between 95
and 99.4% of
contaminants.

Alternative 3, on the basis of available
information it is difficult to make an
informed decision relative to reduction
oftoxicity or mobility. Volume of
contaminated soils should not change
notably.
Alternative 4 reduces soil toxicity so
that no additional long-term controls are
required. Treated soil would have low
residual explosive concentrations.
Treatment would not leave
intermediates, if conducted properly. If
treatment is terminated prematurely,
could result in intermediates. If not fully
dried, soil volume would be increased.

Alternative 5 achieves
long-term protection by
degrading 97 to 99% Alternative 5 reduces soil toxicity as
measured by bacterial mutagenicity
ofthe contaminants
(98%) and aquatic toxicity (88%).
Resulting low levels ofexplosives and
metabolites, bacterial mutagenicity, and
leachable toxicity remain after
composting, but would not present a
health concern. Nutrient-rich compost is
residual product.
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Short-Term Effectiveness
Alternatives 2, 3, 4 and 5 pose
little risk to the community,
workers, or the environment
during implementation.
Alternatives 2,3,4 and 5 use
special waste handling procedures
(e.g., dust control), monitoring,
and use of appropriated protective
gear to protect the workers.
Alternative 4 would take the least
amount oftime for remediation (3
months). Alternative 3 would
achieve short-term effectiveness in
8 months.
Alternative 2 and 5 would take
approximately the same amount of
time to implement and complete
remediation (12 months).

Implementability

Cost

Alternative 2 is a widely Alternative 4 is the
accepted and proven
least expensive with
method oftreatment.
a cost of$2. 7
million.
Alternative 2 poses no
unusual design or
Alternative 5 is
contruction problems and slightly higher than
the sevices are readily
Alternative 4 with a
available.
costof$2.9
million.
Both Alternatives 4 and
5 have been effectively
Alternative 3 is
deomonstrated in pilot
second most
scale tests at sites with
expensive at a cost
similar wastes and are
of$3.5 million.
considered potentially
viable innovative
Alternative 2 is the
technologies.
most expensive
with a cost of
Alternative 3 has only
approximately $7.3
been demonstrated at a
million.
bench scale and a
significant develepoment
effort would be required
to implement a full scale
remediation.
Alternatives 3, 4, and 5
are commonly used in
other applications. A
treatability study would
need to be conducted for
Alternatives 3, 4 and 5.
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Remedial Action Costs for On-Site Incineration

(1) Site Clearing and Surface Grading:
Land requirement computation = 0.5 acres for the concrete pad to support the incinerator unit

+ 2.25 acres for miss. equipment storage including a trailer + 0.50 acres for road construction
to provide access to the incinerator unit = A total of 3.25 acres of land needed to cleared and
graded.
Total land required = 0.50 acre + 2.25 acre + 0.50 acre = 3.25 acres

Means Data: Section 021-100-0160 & 0200 - To include clear & grub brush & stumps to
include medium trees (upto 12" diameter) to be cut and chipped = ($4,150 + $3,850) =
$8,000 per acre.
Total Site Clearing Cost = $8,000 per acre x 3.25 acres = $26,000.00

Means Data: Section 025-100-122-0100 - To include fine grading 3.25 acres of area = $0.57
per square yard.
Area to be graded = 4,840 s.y x 3.25 acres = 15,730 s.y
Total Site Grading Cost = 15,730 s.y x $0.57 per s.y = $8,970.00
Total combined cost for site clearing and surface grading = $34,970.00

(2) Roadways

Access roads will be constructed to allow access to the incinerator pad, soil storage area,
miscellaneous equipment and trailer area inside of the fenced staging area. Based on 0.5 acres
area and a road width of24 feet, the total length ofthe road = 908 feet.
System components of a road will include,
Compact subgrade, 4 passes
Bank gravel, hauled for 2 miles and dozer spread
Compaction granular material to 98%
Grading, fine grade, 3 passes with grader
Bituminous paving, binder course, 2.5" thick
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Means Data: Section 12.5-111-1050 - Unit price to include the above mentioned components
=

$20.88 per L.F.

Total Roadway construction cost =908 feet x $20.88 per feet =$18,960.00
(3) Concrete Padfor the Incinerator
Area of the concrete pad = 0.5 acres = 2l,780:fl?

Means Data: Section A2.1-200-2320 - To include the following components is $4. 86/S.F
Fine, grade, 3 passes with grader and roller
Gravel under floor slab, 6" deep, compacted
Polyethylene vapor barrier, standard .006" thick
Concrete ready mix, regular weight, 3500 psi with reinforcement
Place and vibrate concrete for slab on grade, 5" thick, direct chute
Expansion joint, premolded bituminous fiber, 0.5"x6"
Edge forms I place for slab on grade to 6" high, 4 uses
Cure with sprayed membrane curing compound
Finishing floor, monolithic steel trowel
Cost ofthe concrete pad = 2l,780:fl? x $4.86 per s.t:

=

$105,850.00

Complete cost for the concrete pad = $105,850.00
(4) Contaminated Soil Haulingfrom the RCRA Waste Pile to the staging area
The quantity of soil being hauled from the waste pile to the staging area

=

10,000 yd 3•

Assumption is made that there is no bulking ofthe soil.
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd3 dump trucks. The trucks will have a 1.0 mile round-trip.

Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end
loader is $1.23 per yd3 .

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd 3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3•
The, total cost for hauling the clean soil

=

(10,000 x 2.21) + (10,000 x 1.23)

Complete cost hauling the contaminaed soil

A-2
6/13/95

=

$34,400.00

PLEXUS SCIENTIFIC CORPORATION
PROJECT: Iowa Army Ammunition Plant
COMPUTED BY: S.Nonavinakere
CHECKED BY: J. Thielker
CLIENT: United States Army Environmental Center

DATE:,
DATE CHECKED:
PAGE NO.
CONTRACT NO.

_
_
_
_

(5) Treated Soil Haulingfrom the staging area to final disposal area
Assuming a 10% volume reduction after incineration the total volume of treated soil to be
hauled to the final disposal area = 10,000 yd3 x 0.90 = 9000 yd

3

.

The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd3 dump trucks. The trucks will have a 1.0 mile round-trip.

Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end
loader is $1.23 per yd 3 .

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3 •
The, total cost for hauling the clean soil

Complete cost for hauling the soil

=

=

9,000 yd3 x ($2.21 /yd3 + $1.23/yd3 )

$30,960.00

(6) Lighting for the staging area
Assume an illumination area of 10,000

fe

per 1,000 watt high pressure sodium lamp. Fifteen

light poles are estimated for the entire perimeter of the staging area amount upto 3.25 acres.
The electric poles will be cresoted wood that are 30 feet high and each pole will be fitted with
high pressure sodium 1,000 watt lamps.

Means Data: Section 167-100-110-2600 & 166-100-115-2790 Electric Utilities - The unit
price for each wooden electric pole is $815 per pole and $1,150 per light unit.
Total cost for the lighting system in the staging area = 15 units x $1,965 = $29,475
Operation & Maintenance cost for 15 lamps with 1,000 watt capacity each, anticipated to
bum an average of 12 hours a day, 7 days a week, 365 days year.
($0.08/kwh) x (1000 wattllamp) x (lkw/lOOOwatt) x (15 lamps) x (12 hr/day) (365 days/yr) =
$ 5,256.00
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Totallighiting cost = $ 34,731.00
Compete cost for lighting the staging area = $34,731.00

(7) Fencing around the perimeter ofthe staging area

Assuming the shape of the staging area to be a square and each side being 380 feet, total
length offencing required is 1,720 feet including a 50 feet buffer zone distance on each side.
Installing a industrial chain link fence that is 6 feet high with 2 inch fence post at 10 feet oncenters and with 1.625" top rail and 3 strand barbed wire and a pair of 45 feet long swinging
gates, the cost is as follows:
Means Data: Section 028-300-308-0500 & Section 028-300-308-2900 Fences & Gates

Unit cost per linear feet ofthe fence is $15.90 and the cost for the gates is $3,475 per pair.
Total cost fencing the staging area

=

(1,720 feet x $15.90 per feet) + $3,475

Complete cost for fencing the staging area

=

$30,823.00

(8) Clean Soil Cover & Revegetation

After the ash is hauled back to the waste pile, the soil from the existing waste pile cap will be
used as a clean cover and will be revegatated.

A bulldozer to place and level the soil,

compaction roller and a water wagon for adjusting moisture content will be used to spread the
top clean soil cover over the waste pile.
Estimation of Stockpile Area: The total volume treated soil going into the stockpile area is

3

10,000 yd . Considering an arbitrary width of the pile as 200 ft and a slope of the pile to be

5%, we have,
Area ofthe triangle, A =

1. x 100 x 2 x 5 = 500 ft2
2

Volume ofthe pile, V = 10,000 yd 3 = 270,000 ft3
Length ofthe pile L = V
,
A

= 270,000 = 540 ft
500

Therefore, area ofthe pile = 540 ft x 200 ft = 108,000 ft2
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Providing a 2.0 ft soil cover,
Volume of soil handled

= 108,000 fl? x 2.0 ft = 216,000 ft3 = 8,000 yd3

Means Data: Section 12.1-724-1700 Common Earth Backfill - Unit price, using a 105 lIP
dozer and roller compactors, 50 feet haul, 8 inch lift and 2 passes is $2.37 per yd

3

.

Total cost spread and compact the soil = $2.37 per yd3 x 8,000 yd3 = $18,960.00

Means Data: Section 029-300-1000 Landscaping - Unit price for revegatation to include
Hydro or air seeding, with mulch and fertilizer is $39 per 1,000 ft2.
Cost for revegatation = $39 per 1,000 ft2 x 108 = $4,212.00
Therefore, total cost

= $18,960.00 + $4,212.00 = $ 23,172.00

Complete cost for clean soil cover & revegetation = $23,172.00

(9) Erosion Control for the Final Soil Cover and Treated Soil
Erosion control for the cap is necessary to prevent wind-blown dust emissions and surface soil
erosion due to rainwater runoff Based on the calculations in Section 8, the perimeter of the
landfill is 1480 L.F.

Means Data - Section 022-700-1000 - Earthwork - Slope/Erosion ControlUnit cost for silt fence = $0.72 per linear feet
Cost for silt fence

= $0.72 x 1480 = $1070.00

Temporary polyethylene sheeting to cover 20% ofthe soil cap,
Area = 0.20 x 2.48 acres = 0.50 acre
Unit cost for cover = $1,645.00 per acre
Cost for polyethylene cover = $820.00
Total cost for erosion control = $1,070.00 + $820.00 = $1,890.00

Treated Soil: The treated soil from each batch is stockpiled on the ground inside of the
staging area and is enclosed with a silt fence and as a dust control measure is sprayed with
water and enclosed in polyethylene sheet.
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Assuming the size of the treated soil stockpile to the same as that of the RCRA stockpile, the
cost for erosion control measures are costed as follows:
Size ofthe perimeter silt fence = 1480 feet
Cost for the silt fence

= 1,480 feet x $0.72 per feet = $1,066.00

Area to enclosed in polyethylene sheeting including the bottom and top ofthe pile is arrived at
as follows = (108,000 fl? x 2) + (108,000 ft2 x 0.1) = 226,800 ft2
Cost for polyethylene sheeting is = 226,800 ft2 = 5.207 acres x $1,645

= $8,700.00

Total cost for treated soil erosion control = $9766.00
Complete erosion control cost

=$11,656.00

(10) Incineration Costs
Costs for incineration are based on a vendor quote from Vesta Technology, Ltd. for their
VESTA 200 Model incinerator. The unit can handle 25,000,000 BTUs with a through put of
2,000 - 8,000 lbs. per hour.

Phase I Mobilization: Mobilization costs will include the transportation of VESTA mobile
rotary kiln incinerator, ancillary equipment and 24-hour operating staff
Cost for mobilization = $145,000.00

Phase II & III Site Preparation and System Set-up & Operations: This will include the costs
for all necessary work required to make the site ready to receive the incinerator unit.
Cost for processing = $5,070,000.00

Phase IV Demobilization: Demobilization will involve site restoration, decontamination and
removal ofincineration equipment.
Cost for demobilization = $ 165,000.00
Cost or Trial Bum = $150,000.00
Total Cost for Incineration = 5,530,000.00
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(11) Pre-Treatment Sampling
The temporary stockpile containing the soil to be treated is 500 feet x 875 feet and 12.5 feet

high. For the pwposes of sampling the pre-treatment feed, the stockpile area is divided into
grids measuring 175 feet x 175 feet and compsite samples are taken from the center of each
grid square. Soil analysis will be done using U.S.EPA Method 8330 (EPA SW-846). In a

similar manner soil grain size analysis on the pre-feed will be done using ASTM- D 422.
Assume two the number of samples for each analysis to account for duplicates and blanks for
QA/QC pwposes.
Costs for analytical services were obtained from Data Chern Laboratories.
Cost per samples = $250.00
Total Sampling cost = $250 x 30 = $7,500.00
Grain size analysis using ASTM - D422 = 30 x $150.00 = $4,500.00

Total cost for pre-sampling = $12,000.00

(12) Post-treatment Confirmatory Sampling: The processing cost for incneration includes
post-treatment sampling and testing to confirm complete removal of contaminants from the
soil.

A-7

6/13/95

PLEXUS SCIENTIFIC CORPORA TION
PROJECT: Iowa Army Ammunition Plant
COMPUTED BY: S.Nonavinakere
CHECKED BY: 1. Thielker
CLIENT: United States Army Environmental Center

DATE:

_

DATE CHECKED:
_
PAGE NO.~-------

CONTRACT NO.

_

Remedial Action Costs for Anaerobic Bioremediation (SIMPLOT)
(1) Site Clearing and Surface Grading:
Land requirement computation = 3.0 acres for the anerobic slurry pits + 0.25 acres for miss.
equipment storage including a trailer + 0.50 acres for road construction to provide access to
the incinerator unit = A total of3. 75 acres ofland needed to cleared and graded.
Total land required = 3.0 acre + 0.25 aete + 0.50 acre = 3.75 acres
Means Data: Section 021-100-0160 & 0200 - To include clear & grub brush & stumps to
include medium trees (upto 12" diameter) to be cut and chipped = ($4,150 + $3,850) =
$8,000 per acre.
Total Site Clearing Cost = $8,000 per acre x 3.75 acres = $30,000.00
Means Data: Section 025-100-122-0100 - To include fine grading 3.75 acres of area = $0.57
per square yard.
Area to be graded = 4,840 s.y x 3.75 acres = 18,150 s.y
Total Site Grading Cost = 18,150 s.y x $0.57 per s.y = $10,346.00

Total combined cost for site clearing and surface grading = $40,346.00

(2) Roadways
Access roads will be constructed to allow access to the anaerobic pits, soil storage area,
miscellaneous equipment and trailer area inside ofthe fenced staging area. Based on 0.5 acres
area and a road width of24 feet, the total length ofthe road = 908 feet.
System components of a road will include,
Compact subgrade, 4 passes
Bank gravel, hauled for 2 miles and dozer spread
Compaction granular material to 98%
Grading, fine grade, 3 passes with grader
Bituminous paving, binder course, 2.5" thick
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Means Data: Section 12.5-111-1050 - Unit price to include the above mentioned components
=

$20.88 per L.F.

Total Roadway construction cost = 908 feet x $20.88 per feet = $18,960.00

(3) Process Pit Design
(a) Pits: Excavate four pits 306 feet long, 106 wide and 7.5 feet deep which allows a 3 feet

freeboard for the clay liner.

Alignment of two pits and cross sections of each pits is as

follows:
4 Feet Wide Berm

20 feet separation space

./

I

----/\..r-

0.5% Slope

0.5% Slope

300 Feet
.;
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Recycle or Disposal

Volume of soil to be excavated for the pits = 106 it x 306 it x 7.5 it x 4

fe

=

973,080

=

36,040 yd3

Means Data - Earth Work - Section 022-200-274-0900 - Excav./Backfill/Compact. - Unit

cost for mobilization and demobilization, assuming the availability of the backhoe with 25
miles distances is $310.
Means Data - Earth Work - Section 022-200-238-0250 - Excav./Backfill/Compact. - Unit

cost for excavating common earth piled using a hydraulic backhoe with 1.5 yd 3 capacity with a
through put of 100 yd 3 per hour is $1. 70 per yd 3.
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Cost for excavation = ($1.70 x 36,040 yd3 ) + $310 = $61,268.00

(b) Berm Construction
Area ofthe berms (A) = 0.5 x (12+3) x 4.5 = 33.75 ft2
Length ofthe berms (L) = (8 x 300) + (8 x 100) = 3,200 ft
Volume ofthe berms (V) = A x L = 33.75 x 3,200 = 108,000 ft3 = 4,000 yd

3

Means Data - Earth Work - Section 022-200-274-0900 - Excav./Backfill/Compact. - Unit
cost for mobilization and demobilization, assuming the availability of the front end loader with
25 miles distances is $370.

Means Data - Earth Work - Section 022-200-262-0150 Excav./Backfill/Compact. - Unit cost
for spreading the soil from a stockpile using 2.5 yd 3 front end loader (130 HP. and 300'
haul) is $2.20 per yd3 .

Means Data - Earthwork - Section 022-200-226-5000 Excav./Backfill/Compact. - Unit cost
compacting the soil using a riding, Vlorating roller with 6" lifts and 4 passes is $0.61 per yd 3 .
Cost for excavation = ($2.20 x 4,000 yd3 ) + ($0.61 x 4,000 yd 3 ) + $370 = $11,610.00

(c) Key trench - Excavation & Backfilling
Area ofthe key trenches (A) = 2 ft x 2 ft = 4 ft2
Length ofthe key trenches (L) = (300 ft x 8) + (100 ft x 8) = 3,200 ft
Volume ofthe key trench (V) = A xL = 4 x 3,200 = 12,800 ft3

= 475 yd3

Means Data - Site Work - Section AJ2.3-JJO -1310 - Trenching: The system will include:
excavation; backfill and removal of soil; and compaction for various depths and trench bottom
widths and slope of 0 is allowed for the side walls.
Unit price for 2 ft wide and 2 ft deep pit with zero slope and backfilling the soil to I foot
depth is $2.04 per linear feet.
Cost digging and backfilling the trench after placing the membrane layers is costed as follows:
3,200 ft x $2.04 = $6,528.00
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Means Data - Concrete Formwork - Section 031-100-170-6000: Unit price for trench form
work using wood with single use and pour 3500 psi concrete is $10.00 per linear feet.
Cost for formwork and concrete block = 3,200 ft x $10 = $32,000

(d) Clay liner
As per the regulations for surface impoundments in 40 CFR Part 264.220 - Subpart K, a three
feet clay liner with a hydraulic conductivity of lxl0-7 cm/sec is constructed.
Area ofthe liner = (6.36 ft x 300 ft x 8) + ( 6.36 ft x 100 ft x 8) + (100 ft x 300 ft x 4)
=

140,352 ft2

Volume of clay required = 140,352 ft2 x 3.0 ft

= 421,056 ft3 = 15,600 yd3

Note: The clay that was used as the top liner for the RCRA Stockpile will be reused to line the
Means Data - Earth Work - Section 022-200-274-0900 - Excav./Backfill/Compact. - Unit
cost for mobilization and demobilization, assuming the availability ofthe sheep foot roller with
25 miles distances is $370.
Means Data - Earth Work - Section 022-200-262-0150 Excav./Backfill/Compact. - Unit cost
for spreading the soil from a stockpile using 2.5 yd3 front end loader (130 HP. and 300'
haul) is $2.20 per yd3 •
Means Data - Earthwork - Section 022-200-226-5640 Excav./Backfill/Compact. - Unit cost
compacting the soil using a sheepfoot or wobbly wheel roller with 6" lifts and 4 passes is
$0.79 per yd 3.
Cost for excavation = ($2.20 x 7,800 yd3 ) + ($0.79 x 7,800 yd3 ) + $370 = $23,692.00

(e) Geosynthetic liners: Costs for the liners are based on the vendor quotes as supplied by
Gundle Lining Systems Inc. A 60 mil HOPE liner is laid above the clay liner first and 165 mil
geonet liner is laid on the top ofthe HOPE liner to allow the free flow of liquid and geonet is
overlain by a 60 mil HOPE liner which also serves as a top layer. An allowance of $10,000
for a leachate collection system and leak detection system is made of each pit.
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The leak collection and detection system is connected to the geonet layer. The configuration
of the liners is as shown.

.........--- 60 mil HOPE Liner
.....--- 165 mil Geonet Spacer
. . .t - - - -

60 mil HOPE Liner

.......---3.0 feet Clay Liner

Area of each liner = {(300 ft + 6.36 ft + 6.36 ft + 10 ft) x (100 ft + 6.36 ft + 6.36 ft + 10 ft)}
=

39800
ft2
,

Cost for two layer of60 mil HDPE liner @ $0.90 per ft2 = 39,800 ft2 x $0.90 = $35,820
Cost for lining four pits with 2 layers of60 mil HDPE = $35,820 x 4 = $143,280.00
Cost for one layer of 165 mil Geonet @ $0.55 per ft2 installed

=

39,800 ft2 x $0.55

= $21,890.00
Cost for lining four pits with Geonet = $21,890 x 4 = $87,560.00
Therefore, total cost of lining four pits with two layers of 60 mil HDPE and one layer of 165
mil Geonet including the leak detection and collection system is as follows:
Total Cost for four pits = ($10,000.00 x 4) + 143,280.00 + 87,560.00 = $270,840.00
Total cost for the pits (Item (a) - (e))= $61,268.00 + $11,610.00 +$32,000.00 + $23,692.00
+ $270,840.00 = $399,410.00

(4) Contaminated soil haulingfrom the RCRA waste pile to the staging area
The quantity of soil being hauled from the waste pile to the staging area = 10,000 yd J •
Assumption is made that there is no bulking ofthe soil.
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd 3 dump trucks. The trucks will have a 1.0 mile round-trip.
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Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd front end
loader is $1.23 per yd 3 •

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3 .
The, total cost for hauling the clean soil = (10,000 x 2.21) + (10,000 x 1.23) = $34,400.00
Complete cost hauling the clean soil = $34,400.00

(5) Handling of treated soil at the end ofthe treatment train
Since the entire 10,000 yd3 ofsoil will be treated in 4 pits with 2,500 yd3 in each pit, and based
on the assumption that at the end ofthe treatment period, the treatment would have achieved
the specified treatment goal. There are three options available for this treatment process. In
Option A the slurry will be left in place open to atmosphere. Once the water is evaporated the
dry soil will hauled back to the waste pile. In Option B, at the end ofthe treatment period the

solids are allowed to settle and the supematent is pumped and treated in a activated carbon
column and the soil is left in the pits. In Option C, the slurry is left in place until the water
evaporates and than the dry soil is hauled to inert disposal area for final disposal. Costing for
all three options is as follows:

(a) Option A
Assuming no post-treatment volume change in soil volume of treated soil to be hauled to the
final disposal area = 10,000 yd 3 .
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd 3 dump trucks. The trucks will have a 1.0 mile round-trip.

Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end
loader is $1.23 per yd3 .

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3 •
Total cost for hauling the clean soil = 10,000 yd3 x $2.21 /yd3 x $ 1.23/yd3
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(b) Option B
Assuming no post-treatment volume change in soil volume of treated soil to be hauled to the
final disposal area

= 10,000 yd'.
3

The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd
front end loader and 12 yd 3 dump trucks. The trucks will have a 1.0 mile round-trip.

Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end
loader is $1.23 per yd

3

•

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3 .
Total cost for hauling the clean soil = 10,000 yd3 x $2.21 lyd3 x $1.23/yd3 = $34,400.00
It is assumed that there will be a 5% evaporation losses during the treatment period and
therefore, the quantity ofwater to be treated is approximately 1,900,000 gallons. The water is
treated using a Model 4 Dual Adsorption System that is supplied by Calgon Carbon Corp. The
sytem can handle 65 GPM and with two units the system can handle 70 GPM. In the absence
of post-treatment analyses results, total quantity of all metals is assumed to be 100 mg/L and
the carbon loading is assumed to 10% by weight. The unit comes loaded with 4,000 lbs of
carbon.
Frieght charges (from Pittsburg to IAAP) = $2,500.00
Carbon per pound (to include installation) = $1.65 per pound
Cost for Mode14 Dual Adsortion System = $40,200.00

Quantity ofcarbon required:
Total quantity ofmetals (assuming a total of 100 mg/L) = 1,900,000 gal. x 3.78lt.lgal
=

7,570824 Liters x 100 mg/L

=

757 Kilograms = 1670 lbs.

Assuming a loading rate of 10%, that is 10 lbs per 100 lbs. of carbon used, the total quantity
of carbon required = 16,700 lbs.
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Since Model 4 Dual Adsorption System carries 2,000 lbs of granular activated carbon and a
total of 4,000 Ibs per system The carbon has to be reloaded 5 times.
Cost for carbon = $1.65 x 16,700 lbs. = $27,555.00
Allow a lump-sum of $20,000 for intermediate storage tanks and water pumps and power
supply for the pumps.
Total cost for treating the process effieunt = $27,555.00 + $20,000 + $40,200.00 + $2,500.00
=

$90,200.00

Complete cost for water treatement = $90,200.00

(c) Option C: This option is smiliar to Option A and only that it occurs after all the water has
evaporated.

Therefore, a mobilization and demobilization cost of $740 for the front-end

loader and a dump-truck will be an additional cost to the cost in Option A.

Since the

difference is less than 5% it will be neglected.

(6) Anaerobic Treatment Process Costs - (SIMPLOT PROCESS)
(a) Water: The process entails dumping 2 feet of soil in the pit and 2 feet of water (50%
solid/liquid ratio). Optionally, the contaminated soil can also be slurried at the RCRA
stockpile site and then pumped into the pits. Regardless of the option chosen the quantity of
water required will be the same. Therefore the amount of water required for filling up four
pits is calculated as follows:
Quantity of water, Q = 300 ft x 100 ft x 2 ft x 4 pits = 240,000 ft3 = 1,795,325 Gallons
Cost for pumping the well water @ $0.02 per gallon = $35,000.00

(b) Equipment: The equipment will include the gantry system, pumps, power source for the
pumps, license agreement, supervision personnel and monitoring equipment. The unit price as
quoted by J.R. Simplot Company is $100 per cubic yard.
Cost of equipment for 4 pits with each pit containing 2,500 yd3 of soil is as follows:
3
3
= 4 pits x 2,500 yd x $100.00/yd = $1,000,000.00
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(c) Amendments & Chemicals: The amendments such as potato starch to act as food source
for the bacteria and chemicals to adjust the pH of the system and the inoculum package was
quoted by J.R.Simplot Company as $40.00 per cubic yard of soil treated.
Cost amendments & chemicals = $40.00 x 10,000 yd3 = $400,000.00

(d) Site Personnel
Two people working for 100 hours to load the slurried soil into the pits at $80 per hours is a
total of$8,000.00
Two people working 8 hour shifts, 5 days a week for 15 weeks at $85 per hour is,
Cost for personnel = 2 x 8 hours x 75 days x $85

= $102,000.00

(e) Mobilization & Demobilization: Lumpsum of$IO,OOO.OO for mobilization and a lumpsum
amount of$10,000 for demobilization was charged for the process.

Total process cost for treating 10,000 yd 3 of soil is = $1,557,000.00

(7) Lighting for the staging area
Assume an illumination area of 10,000

fe per 1,000 watt high pressure sodium lamp.

Twenty

light poles are estimated for the entire perimeter of the staging area amount upto 3.75 acres.
The electric poles will be cresoted wood that are 30 feet high and each pole will be fitted with
high pressure sodium 1,000 watt lamps.

Means Data: Section 167-100-110-2600 & 166-100-115-2790 Electric Utilities - The unit
price for each wooden electric pole is $815 per pole and $1,150 per light unit.
Total cost for the lighting system in the staging area = 16 units x $1,965

=

$31,440.00

Operation & Maintenance cost for 16 lamps with 1,000 watt capacity each, anticipated to
burn an average of2 hours a day, 7 days a week, 150 days year.
($0.08/kwh) x (1000 wattllamp) x (lkw/l000watt) x (16 lamps) x (2 hr/day) (150 days/yr)
$ 400.00
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Totallighiting cost = $ 31,800.00
Complete cost lighting the staging area = $31,800.00

(8) Fencing around the perimeter ofthe staging area
Assuming the shape of the staging area to be a square and each side being 405 feet, total
length of fencing required is 1,820 feet including a 50 feet buffer zone distance on each side.
Installing a industrial chain link fence that is 6 feet high with 2 inch fence post at 10 feet oncenters and with 1.625" top rail and 3 strand barbed wire and a pair of 45 feet long swinging
gates, the cost is as follows:

Means Data: Section 028-300-308-0500 & Section 028-300-308-2900 Fences & Gates
Unit cost per linear feet ofthe fence is $15.90 and the cost for the gates is $3,475 per pair.
Total cost fencing the staging area

=

(1,820 x $15.90 per feet) + $3,475

=

$26,689.00

Complete cost fencing the staging area = $26,689.00

(9) Clean Soil Cover & Revegetation
After the ash is hauled back to the waste pile, the soil from the existing waste pile cap will be
used as a clean cover and will be revegatated.

A bulldozer to place and level the soil,

compaction roller and a water wagon for adjusting moisture content will be used to spread the
top clean soil cover over the waste pile.

Estimation of Stockpile Area: The total volume treated soil going into the stockpile area is
10,000 yd3. Considering an arbitrary width of the pile as 200 ft and a slope of the pile to be
5%, we have,
Area ofthe triangle, A = .!. x 100 x 2 x 5 = 500 ft2
2
Volume ofthe pile, V = 10,000 yd3 = 270,000 ft3
Length ofthe pile L = V = 270,000
,
A
500

= 540

ft

Therefore, area ofthe pile = 540 ft x 200 ft = 108,000 ft2
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Providing a 2.0 ft soil cover,
Volume of soil handled = 108,000

fe x 2.0 ft = 216,000 ft3 = 8,000 yd3

Means Data: Section 12.1-724-1700 Common Earth Backfill - Unit price, using a 105 lIP
dozer and roller compactors, 50 feet haul, 8 inch lift and 2 passes is $2.37 per yd 3 •
Total cost spread and compact the soil = $2.37 per yd 3 x 8,000 yd 3 = $18,960.00

Means Data: Section 029-300-1000 Landscaping - Unit price for revegatation to include
Hydro or air seeding, with mulch and fertilizer is $39 per 1,000 ft2.
Cost for revegatation = $39 per 1,000 ft2 x 108 = $4,212.00
Therefore, total cost = $18,960.00 + $4,212.00 = $ 23,172.00

Complete cost for soil cover and revegetation =$23,172.00

(10) Erosion Control for the Final Cap
Erosion control for the cap is necessary to prevent wind-blown dust emissions and surface soil
erosion due to rainwater runoff Based on the calculations in Section 9, the perimeter of the
landfill is 1480 L.F.

Means Data - Section 022-700-1000 - Earthwork - Slope/Erosion ControlUnit cost for silt fence = $0.72 per linear feet
Cost for silt fence = $0.72 x 1480 = $1070.00
Temporary polyethylene sheeting to cover 20% ofthe soil cap,
Area = 0.20 x 2.48 acres = 0.50 acre
Unit cost for cover = $1,645.00 per acre
Cost for polyethylene cover = $820.00
Total cost for erosion control = $1,070.00 + $820.00 = $1,890.00

Complete cost for erosion control = $1,890.00
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(11) Pre-Treatment Sampling
The temporary stockpile containing the soil to be treated is 500 feet x 875 feet and 12.5 feet

high. For the purposes of sampling the pre-treatment feed, the stockpile area is divided into
grids measuring 175 feet x 175 feet and compsite samples are taken from the center of each
grid square. Soil analysis will be done using U.S.EPA Method 8330 (EPA SW-846). In a

similar manner soil grain size analysis on the pre-feed will be done using ASTM- D 422
Assume two the number of samples for each analysis to account for duplicates and blanks for
QA/QC purposes.
Costs for analytical services were obtained from Data Chern Laboratories.
Cost per samples = $250.00
Total Sampling cost = $250 x 30 = $7,500.00
Grain size analysis using ASTM - D422

=

30 x $150.00 = $4,500.00

Total cost for pre-sampling = $12,000.00

(12) Post-treatment Confirmatory Tests
The treatment area consists of four pits each measuring 300 feet by 100 feet and containing
1,250 yd3 of soil. Five samples will be obtained per pit and various lengths along the length
of each pit during the middle of the treatment period and once at the end of the treatment
period.
Total samples = 5 samples x 4 pits x 2 times = 40 samples
Costs for analytical services were obtained from Data Chern Laboratories.
Cost per samples = $250.00

Total post-treatment sampling cost = $250 x 40 = $10,000.00
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Remedial Action Costs for Aerobic Bioslurry
(1) Site Clearing and Surface Grading:
Land requirement computation = 1.0 acres for process area + 0.75 acres for miss. equipment
storage including a trailer + 0.50 acres for road construction to provide access to the
incinerator unit = A total of2.25 acres ofland needed to cleared and graded.
Total land required = 1.0 acre + 0.75 acre + 0.50 acre = 2.25 acres

Process Area Breakdown:

fe
Reactor area = 325 feet x 75 feet = 24,375 fe
Soil staging area = 75 feet x 70 feet = 5,250

Slurry drying area = 250 feet x 50 feet = 12,500

fe

Means Data: Section 021-100-0160 & 0200 - To include clear & grub brush & stumps to
include medium trees (upto 12" diameter) to be cut and chipped

=

($4,150 + $3,850)

=

$8,000 per acre.
Total Site Clearing Cost = $8,000 per acre x 2.25 acres = $18,000.00

Means Data: Section 025-100-122-0100 - To include fine grading 2.25 acres of area = $0.57
per square yard.
Area to be graded = 4,840 s.y x 2.25 acres = 10,890 s.y
Total Site Grading Cost = 10,890 s.y x $0.57 per s.y = $6,210.00

Total combined cost for site clearing and surface grading = $24,210.00

(2) Roadways
Access roads will be constructed to allow access to the aerobic reactors, sludge drying bed,
soil storage area, miscellaneous equipment and trailer area inside of the fenced staging area.
Based on 0.5 acres area and a road width of24 feet, the total length ofthe road = 908 feet.
System components of a road will include,
Compact subgrade, 4 passes
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Bank grave~ hauled for 2 miles and dozer spread
Compaction granular material to 98%
Grading, fine grade, 3 passes with grader
Bituminous paving, binder course, 2.5" thick
Means Data: Section 12.5-111-1050 - Unit price to include the above mentioned components

= $20.88 per L.F.
Total Roadway construction cost = 908 feet x $20.88 per feet =$18,960.00

(3) Concrete Support Padfor the Aerobic Reactors
Area ofthe concrete pad = 375 feet x 75 feet

= 28,125 fl?

Means Data: Section A2.1-200-2320 - To include the following components is $4.86/S.F
Fine, grade, 3 passes with grader and roller
Gravel under floor slab, 6" deep, compacted
Polyethylene vapor barrier, standard .006" thick
Concrete ready mix, regular weight, 3500 psi with reinforcement
Place and vibrate concrete for slab on grade, 5" thick, direct chute
Expansionjoint, premolded bituminous fiber, 0.5"x6"
Edge forms I place for slab on grade to 6" high, 4 uses
Cure with sprayed membrane curing compound
Finishing floor, monolithic steel trowel
Cost ofthe concrete pad = 28,125

fl? x $4.86 per s.£ = $136,700.00

The pad will sloped towards a comer and a sump will be built in that comer with a pump
attached to it to contain spills. Allow a lump-sum of $20,000.00 for pump, electrical and
plumbing equipment.
Complete cost for the concrete pad = $156,700.00

(4) Contaminated Soil Haulingfrom the RCRA Waste Pile to the staging area
The quantity of soil being hauled from the waste pile to the staging area =

10,000 yd 3 •

Assumption is made that there is no bulking ofthe soil.
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd3 dump trucks. The trucks will have a 1.0 mile round-trip.
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Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd front end
loader is $1.23 per yd3 .
3

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd capacity dump
3

truck with a 1.0 mile round trip is $2.21 per yd
The, total cost for hauling the clean soil

=

.

(10,000 x 2.21) + (10,000 x 1.23)

Complete cost hauling the contaminated soil

=

$34,400.00

(5) Treated Soil Haulingfrom the staging area to final disposal area
Assuming a 20% volume increase after tratement due to the addition of nutrients and water
the total volume oftreated soil to be hauled to the final disposal area = 12,000 yd

3

3

The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd
3

front end loader and 12 yd dump trucks. The trucks will have a 1.0 mile round-trip.

Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end
3

loader is $1.23 per yd

•

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd3 capacity dump
truck with a 1.0 mile round trip is $2.21 per yd3 .
The, total cost for hauling the clean soil = 12,000 yd3 x ($2.21 /yd3 + $ 1.23/yd3 )

Complete cost for hauling the soil

=

$41,280.00

(6) Lighting for the staging area
Assume an illumination area of 10,000

fe per 1,000 watt high pressure sodium lamp. Fifteen

light poles are estimated for the entire perimeter of the staging area amount upto 2.25 acres.
The electric poles will be cresoted wood that are 30 feet high and each pole will be fitted with
high pressure sodium 1,000 watt lamps.

Means Data: Section 167-100-110-2600 & 166-100-115-2790 Electric Utilities - The unit
price for each wooden electric pole is $815 per pole and $1,150 per light unit.
Total cost for the lighting system in the staging area = 10 units x $1,965 = $19,650
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Operation & Maintenance cost for 10 lamps with 1,000 watt capacity each, anticipated to
bum an average of2 hours a day, 7 days a week, 252 days.
($0.08/kwh) x (1000 watt/lamp) x (lkw/l000watt) x (10 lamps) x (2 hr/day) (252 days/yr) =
$ 500.00
Totallighiting cost = $ 20,150.00
Compete cost for lighting the staging area = $20,150.00

(7) Fencing around the perimeter ofthe staging area

For the purposes of calculation, the shape ofthe staging area is assumed to be a square of315
feet x 315 feet. Fencing will be installed to include a 50 feet buffer zone distance on each side.
Therefore, the total length of fencing required is 1,460 feet. Installing a industrial chain link
fence that is 6 feet high with 2 inch fence post at 10 feet on-centers and with 1.625" top rail
and 3 strand barbed wire and a pair of45 feet long swinging gates, the cost is as follows:
Means Data: Section 028-300-308-0500 & Section 028-300-308-2900 Fences & Gates

Unit cost per linear feet ofthe fence is $15.90 and the cost for the gates is $3,475 per pair.
Total cost fencing the staging area

= (1460 x $15.90 per feet) + $3,475

Complete cost for fencing the staging area

== $26,689.00

(8) Clean Soil Cover & Revegetation
After the clean soil is hauled back to the waste pile, the soil from the existing waste pile cap

will be used as a clean cover and will be revegatated. A bulldozer to place and level the soil,
compaction roller and a water wagon for adjusting moisture content will be used to spread the
top clean soil cover over the waste pile.
Estimation of Stockpile Area: The total volume treated soil going into the stockpile area is

12,000 yd3 . Considering an arbitrary width of the pile as 250 ft and a slope of the pile to be
5%, we have,
Area ofthe triangle, A ==

1. x 125 x 2 x 5 =625ft2
2
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Volume ofthe pile, V = 12,000 yd3 = 324,000 a?
Length ofthe pile L = V = 324,000 = 648 ft
,
A
500
Therefore, area of the pile = 648 ft x 200 ft = 129,600 ft2
Providing a 2.0 ft soil cover,
Volume of soil handled = 129,600 ft2 x 2.0 ft = 259,200 ft3 = 9,600 yd3

Means Data: Section 12.1-724-1700 Common Earth Backfill- Unit price, using a 105 lIP
3

dozer and roller compactors, 50 feet haul, 8 inch lift and 2 passes is $2.37 per yd

•

Total cost spread and compact the soil = $2.37 per yd3 x 9,600 yd3 = $22,752.00

Means Data: Section 029-300-1000 Landscaping - Unit price for revegatation to include
Hydro or air seeding, with mulch and fertilizer is $39 per 1,000 ft2.
Cost for revegatation = $39 per 1,000 ft2 x 129.6= $5,055.00
Therefore, total cost = $22,752.00 + $5,055.00

= $ 27,807.00

Complete cost for clean soil cover & revegetation = $27,807.00

(9) Erosion Control/or the Final Soil Cover
Erosion control for the cap is necessary to prevent wind-blown dust emissions and surface soil
erosion due to rainwater runoff Based on the calculations in Section 8, the perimeter of the

landfill is 1480 L.F.
Means Data - Section 022-700-1000 - Earthwork - Slope/Erosion ControlUnit cost for silt fence = $0.72 per linear feet
Cost for silt fence = $0.72 x 1,696 = $1222.00
Temporary polyethylene sheeting to cover 20% ofthe soil cap,
Area = 0.20 x 2.97 acres = 0.60 acre
Unit cost for cover = $1,645.00 per acre
Cost for polyethylene cover = $980.00

Total cost for erosion control =$1,222.00 + $980.00 = $2,202.00
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(10) Major Treatment Costs
Costs obtained from vendor quotes, professional experience, or USATHAMA Report
''Feasibility ofBiodegrading TNT-Contaminated Soils in a Slurry Reactor", (June 1990)
adjusted for 1995 dollars. The capital equipment used in this project has been assumed to
have two years operating life. The salvage value is subtracted from the initial cost ofthe item
to obtain the final cost used in this report. The site layout is as follows:

Slurry Drying

Field

Elevator and
Screen

FrDnt·~"d

Loader

Dump

Excavation

Source: Feasibility ofBiodegrading TNT-Contaminated Soils in a Slurry Reactor, June 1990
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Tanks - Each tank is 55 feet in daimeter and 16 feet high (approximately 1,250 yd3 capacity

with 1. 5 feet offreeboard to prevent overflow). The tanks are made of fiberglass
reinforced with steel bands. (The Kahl Company)
5 @ $190,000 (includes delivery and setup) = $950,000.00
Mixers - The mixers are long-shaft-propeller, pitx mixers that can be attached tot he side walls

or placed on floats. two 20 hp mixers per tank - 14' pivot-shaft, propeller, wlwall mount,
3-phase motors, with stainless steel shaft (The Kahl Company)
12 (includes 2 extra) @ $44,000 (includes delivery and setup) = $528,000.00
Slurry Pump - 6" pump for up to 3" solids, silicone carbide impeller and seals, gas-fueled 150

hp engineer, 1000 gpm capacity w/20' head (The Kahl Company)
2 (one extra)@ $25,000 (includes delivery and setup) = $50,000.00
Plumbing -

6" suction hose - 400' @ $18/ft = $7,200.00
6" connectors (ball/socket) - 30 @ $100 = $3,000.00
6" gate valves - 5 @ $50 = $250.00
6" discharge hose - 100' @ $1O/ft = $1,000.00
4" suction hose - 1,200' @ $101ft = $12,000.00
4" connectors (ball/socket) - 12 @ $55

=

$660.00

4" gate valves - 5 @ $40 = $2,250.00
Floats - 5 @ $500 = $2,500.00
Trailer - 10' x 30' includes rental cost, no utilities - $25,000.00
Fuel Tank and Secondary Containment - 1000 gallon for gasoline - $3,500.00
Electrical Hookup - hookup for trailer and 3-phase motors - $16,000.00

Total Equipment = $1,601,360.00
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(11) Slurry Drying Pit
For the slurry drying area, the soil needs to be excavated to form a lagoon. The lagoon will
be lined with a 60 mil geosynthetic liner. Area ofthe lagoon be 12,500

fe with 50 feet width

and 250 feet length and 4 feet deep, the volume ofthe lagoon is 50,000 n? The excavated
soil will be used to form a berm around the lagoon.

(a) Soil Excavation
Volume of soil to be excavated

=

50,000 n?

=

1,860 yd 3

Means Data - Earth Work - Section 022-200-274-0900 - Excav.lBackfill/Compact. - Unit
cost for mobilization and demobilization, assuming the availability of the backhoe with 25
miles distances is $310.

Means Data - Earth Work - Section 022-200-238-0250 - Excav.lBackfill/Compact. - Unit
cost for excavating common earth piled using a hydraulic backhoe with 1. 5 yd3 capacity with a
through put of 100 yd 3 per hour is $1.70 per yd3 .
Cost for excavation = ($1. 70 x 1,860 yd3 ) + $310 = $3,472.00

(b) Berm Construction
Area ofthe berms (A) = 0.5 x (12+3) x 4.5

=

33.75

n?

Length ofthe berms (L) = (2 x 250) + (2 x 50) = 600 ft
Volume ofthe berms (V) = A x L = 33.75 x 600 = 20,250 ft3 = 750 yd3

Means Data - Earth Work - Section 022-200-274-0900 - Excav.lBackfill/Compact. - Unit
cost for mobilization and demobilization, assuming the availability ofthe front end loader with

25 miles distances is $370.

Means Data - Earth Work - Section 022-200-262-0150 Excav.lBackfill/Compact. - Unit cost
for spreading the soil from a stockpile using 2.5 yd3 front end loader (130 HP. and 300'
haul) is $2.20 per yd3 .

Means Data - Earthwork - Section 022-200-226-5000 Excav.lBackfill/Compact. - Unit cost
compacting the soil using a riding, vibrating roller with 6" lifts and 4 passes is $0.61 per yd3 .
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Cost for excavation = ($2.20 x 750 yd3) + ($0.61 x 750 yd ) + $370 = $2,500.00
(c) Key trench - Excavation & Backfilling
Area ofthe key trenches (A)

= 2 ft x 2 ft = 4 ft2

Length ofthe key trenches (L) = (250 ft x 2) + (50 ft x 2) = 600 ft
Volume ofthe key trench (V) = A x L

= 4 x 600 = 2,400 ft3 = 90 yd3

Means Data - Site Work - Section AI2.3-110 -1310 - Trenching: The system will include:
excavation; backfill and removal of soil; and compaction for various depths and trench bottom
widths and slope of 0 is allowed for the side walls.
Unit price for 2 ft wide and 2 ft deep pit with zero slope and backfilling the soil to 1 foot
depth is $2.04 per linear feet.
Cost digging and backfilling the trench after placing the membrane layers is costed as follows:

600 ft x $2.04 = $1,224.00
Means Data - Concrete Formwork - Section 031-100-170-6000: Unit price for trench form
work using wood with single use and pour 3500 psi concrete is $10.00 per linear feet.
Cost for formwork and concrete block = 600 ft x $10 = $6,000
Total cost for key-trench construction = $7,224.00
(d) Clay liner
One foot of clay tobe laid at the bottom ofthe excavation.
Volume of clay required = 12,500 ft2 x 1.0 ft = 12,500 ft3 = 465 yd3
Note: The clay that was used as the top liner for the RCRA Stockpile will be reused.
Means Data - Earth Work - Section 022-200-274-0900 - Excav./Backfill/Compact. - Dnit
cost for mobilization and demobilization, assuming the availability ofthe sheep foot roller with

25 miles distances is $370.
Means Data - Earth Work - Section 022-200-262-0150 Excav./Backfill/Compact. - Dnit cost
3
for spreading the soil from a stockpile using 2.5 yd front end loader (130 H.P. and 300'
haul) is $2.20 per yd3.
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Means Data - Earthwork - Section 022-200-226-5640 Excav./Backfi///Compact. - Unit cost
compacting the soil using a sheepfoot or wobbly wheel roller with 6" lifts and 4 passes is
$0.79 per yd3 •
Cost for excavation = ($2.20 x 465 yd3 ) + ($0.79 x 465 yd3 ) + $370 = $1,390.00

(e) Geosynthetic liners: Costs for the liners are based on the vendor quotes as supplied by
Gundle Lining Systems Inc. A 60 mil HOPE liner is laid above the clay liner.

fe x 1.25 = 15,625 fe
layer of60 mil HOPE liner @ $0.45 per fe = 15,625 fe x $0.90 = $7,050.00

Area ofthe 60 milliner = 12,500
Cost

Total cost for the pits (Item (a) - (e»= $2,500.00 + $3,472.00 +$7,224.00 + $1,390.00 +
$7,050.00 = $21,636.00

(12) Operation and Maintenance Costs (0 &M)
Assume 250 cu yds of soil treated per tank per batch (USATHAMA Report). The soil to
water ratio is 1:4 or 100 yd3 ofwater is added to every 250 yd3 of soil placed in each reactor
Therefore, total volume of slurry in each reactor = 250 x 5 = 1,250 yd3

(a) Process Time: A process time of30 days is assumed for each reactor containing 250 yd3
of soil. One batch can treat 1,250 yd3 of soil using five reactors. Therefore, a total of 8
months is required for treating 10,000 yd3 of soil.

(h) Water: The amount ofwater required for filling up four pits is calculated as follows:
Quantity of water, Q = 5 reactors x 1000 yd3 = 5,000 yd3 = 1,009,870 Gallons
Assuming 20% water loss to residual water in the treated soil sludge, evaporation losses, the
total quantity of water required = 1,211,844 Gallons
Cost for pumping the well water @ $0.02 per gallon = $24,300.00

(c) Site Operators - Labor costs are based on a 40 hour work week for two equipment
operators and a site supervisor.
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Operators at 40 hr/week x 4 weeks/month x S months x $45 per hour x 2 = $115,200.00
Supervisor at 40 hr/week x 4 weeks/month x S months x $S5 per hour x 1 = $1 OS,800. 00
Total personnel cost = $224,000.00

(d) Fuel Costs· Assume 300 gallons/week@$1.20/gallon(USATHAMAReport)
300 x 32 x $1.20 = $11,520

(e) Electricity· Assume 27,000 kWbr/wk @ $O.OS/kWbr (USATHAMA Report)
27,000 x 32 x $O.OS

=

$69,120.00

(f) Nutrients - Based on conversations with industry experts on aerobic bioslurry (Mark
Hampton, AEC, Aberdeen Proving Grounds, MD), molasses was chosen as the external
source ofnutrients and supplemental carbon source. The quantity ofmolasses required was
estimated to be around 2000 mg/L based on the USATHAMA report (USATHAMA, 1990).
Therefore total quantity ofmolasses required at a rate of 2.1 tons per reactor per batch is =
5 reactors x S batchs x 2.1 tons = S4 tons.
Cost for a tanker load ofmolasses (24 tons/tanker) is $3,046.00 delivered to IAAP from
Denver, CO (Pacific Molasses Co.). The molasses is cane molasses with 79.5 Brick.
Total molasses cost = 3.5 tankers x $3,046 = $10,661.00
Each tanker contains 24 tons ofmolasses and the tanker will be held on site for 2 months
before all the 24 tons of molasses is consumed. Therefore, four tankers will be held on site
for 2 months each. At an assumed rate of $SO per day rent for each tanker the rental cost for
the tankers is as follows:
4 tankers x 2 months x 30 days per month x $SO per day = $19,200.00

Total operation and maintenance cost = $350,161.00
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(13) Pre-Treatment Sampling
The temporary stockpile containing the soil to be treated is 500 feet x 875 feet and 12.5 feet
high. For the purposes of sampling the pre-treatment feed, the stockpile area is divided into
grids measuring 175 feet x 175 feet and compsite samples are taken from the center of each
grid square. Soil analysis will be done using U.S.EPA Method 8330 (EPA SW-846). In a

similar manner soil grain size analysis on the pre-feed will be done using ASTM- D 422.
Assume two the number of samples for each analysis to accmmt for duplicates and blanks for
QA/QC purposes.
Costs for analytical services were obtained from Data Chern Laboratories.
Cost per samples = $250.00
Total Sampling cost = $250 x 30 = $7,500.00
Grain size analysis using ASTM - D422 = 30 x $150.00 = $4,500.00

Total cost for pre-sampling = $12,000.00

(15) Post-Treatment Effuent Treatment
Quantity of water to be treated at the end of treatment, assummg 10% water loss to
evaporation and in soil sludge.

= 5 reactors x 900 yd3x 201.9740 gal/yd3 = 908,883 Gallons
The water is treated using a Model 4 Dual Adsorption System that is supplied by Calgon
Carbon Corp. The sytem can handle 65 GPM and with two units the system can handle 70
GPM. In the absence ofpost-treatment analyses results, total quantity of all metals is assumed
to be 100 mgIL and the carbon loading is assumed to 10% by weight. The unit comes loaded
with 4,000 Ibs of carbon.
Frieght charges (from Pittsburg to IAAP) = $2,500.00
Carbon per pound (to include installation) = $1.65 per pound
Cost for Model 4 Dual Adsortion System = $40,200.00

Quantity ofcarbon required:
Total quantity of metals (assuming a total of 100 mg/L) = 908,883 gal x 3.781t./gal
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=

3,435,578 Liters x 100 mgIL

=

344 Kilograms = 7591bs.

Assuming a loading rate of 10%, that is 10 lbs per 100 lbs. of carbon used, the total quantity
of carbon required = 7,590 lbs. say 8,000 lbs. for the Model 4 System
Since Model 4 Dual Adsorption System carries 2,000 lbs of granular activated carbon and a
total of 4,000 lbs per system The carbon has to be reloaded once.
Cost for carbon = $1.65 x 8,000 lbs.

=

$13,200.00

Allow a lump-sum of $5,000.00 for water pumps and power supply for the pumps.
Total cost for treating the process effieunt = $5,000.00 + $13,200 + $40,200.00 + $2,500.00
=

$60,900.00

Complete cost for water treatement = $60,900.00

(16) Post-treatment Confirmatory Sampling
Allowing for one sample per reactor per batch, a total of 40 samples will be obtained. Since
there will no lag time between dumping the treated slurry into the sludge drying bed, a 48
hour turnaround time is assumed for the sample analysis and the costs for sampling are
doubled to compensate for the rapid turnaround time.
Costs for analytical services were obtained from Data Chem Laboratories.
Cost per samples = $500.00

Total Sampling cost = $500 x 40 = $20,000.00

(17) Mobilization & Demobilization
A sum of $10,000.00 for mobilization and $10,000.00 for demobilization is allowed.
Mobilization and demobilization includes the transportation costs for the reactors.
includes installation and dismantling ofthe reactors and related equipment.

Mobilization and Demobilization Costs = $20,000.00
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Remedial Action Costs for Windrow Composting
(1) Site Clearing and Surface Grading:

Land requirement computation = 1.00 acres for process area + 0.75 acres for miss. equipment
storage including a trailer + 0.50 acres for road construction to provide access to the
incinerator unit = A total of 1. 75 acres ofland needed to cleared and graded.
Total land required = 1.00 acre + 0.75 acre + 0.50 acre = 2.25 acres
Means Data: Section 021-100-0160 & 0200 - To include clear & grub brush & stumps to

include medium trees (upto 12" diameter) to be cut and chipped

=

($4,150 + $3,850)

=

$8,000 per acre.
Total Site Clearing Cost = $8,000 per acre x 2.25 acres = $18,000.00
Means Data: Section 025-100-122-0100 - To include fine grading 2.25 acres of area = $0.57

per square yard.
Area to be graded = 4,840 s.y x 2.25 acres = 10,890 s.y
Total Site Grading Cost = 10,890 s.y x $0.57 per s.y = $6,210.00
Total combined cost for site clearing and surface grading = $24,210.00

(2) Roadways

Access roads will be constructed to allow access to the windrows, soil storage area,
miscellaneous equipment and trailer area inside ofthe fenced staging area. Based on 0.5 acres
area and a road width of 24 feet, the total length ofthe road = 908 feet.
System components of a road will include,
Compact subgrade, 4 passes
Bank gravel, hauled for 2 miles and dozer spread
Compaction granular material to 98%
Grading, fine grade, 3 passes with grader
Bituminous paving, binder course, 2.5" thick
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Means Data: Section 12.5-111-1050 - Unit price to include the above mentioned components
=

$20.88 per L.F.

Total Roadway construction cost = 908 feet x $20.88 per feet = $18,960.00

(3) Asphalt Support Padfor the Windrows
Area ofthe concrete pad = 300 feet x 110 feet x 2 = 66,000 n?
Means Data: Section 025-100-128-0310 - Cost for 4" broomed finish, no base, asphaltic pad
= 66,000 n? x $2.43 per s.f = $160,380.00
The pad will sloped towards a comer and a sump will be built in that comer with a pump

attached to it to collect the leachate and spray it back on the pile. Allow a lump-sum of
$20,000.00 for pump, electrical and plumbing equipment. The layout the pad with the

windrow is as shown below:
Complete cost for the concrete pad = $180,380.00

Sec tio n A-A

/w

indrow

Pi~

1~14.0 ft~1

Com po 5 tin g T rea tm en t Pad

Notto Scale
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(4) Building over the Windrows
Two asphalt pad measuring 300 feet x 110 feet each capable of holding 3 windrows (240 feet
long by 14 ft wide at the base). Using materials and installation from Sprung Structures, Inc.
cost for two structures is $792,000.00 at $12.00 per square feet.
Cost for the buildings = $792,000.00

(5) Amendment Storage and mixing
Asphalt pad measuring 60 feet x 120 feet = $2.43 x 7200 ft2 = $17,496.00

(6) Treated soil handling
Treated soil will be stockpiled in the staging area prior to disposal awaiting the test results
during which it will be laid on a polyethylene sheeting and will be surrounded by a silt fence.
During the uncertainities in actual measurements allow a lump-sum of $8,000.00 for treated
soil handling prior to final disposal.

(7) Major Treatment Equipment

The prices used reflect the salvage value at the end of the project and a useful life of 2 years is
assumed.
Windrow Turner - Scarab Model 14HYD234 including delivery = $136,000.00
Above ground fuel storage tank = $2,500.00
Plumbing and Mechanical = $26,000.00 (USAEC Report)
Trailer - 10 feet x 30 feet included rent = $25,000.00
Electrical hookup for trailer and motor(s) = $16,000.00
Total equipment cost = $205,500.00
Mobilization and Demobilization =$88,100.00 (USAEC Report)
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(8) A.mendments
It is assumed that fine chopped com or wheat straw, cow manure, and alfa-alfa are easily

available in Iowa and the prices for which are assumed.

Approximately 338 yd3 of

amendments are required for each windrow pile which will have 145 yd3 of soil at 30%
loading rate. Therefore, the total quantity of amendment required is, 6 windrow piles x 12
cycles x 338 yd3

=

24,336 yd3 of amendments.

A cost of $80 per yd3 of amendment is

assumed, therefore, the total cost for amendment is $8 x 24,336 yd3 = 194,688.00
Total cost for amendments = $194,688.00

(9) Contaminated Soil Haulingfrom the RCBA. Waste Pile to the staging area

The quantity of soil being hauled from the waste pile to the staging area

=

10,000 yd3•

Assumption is made that there is no bulking ofthe soil.
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd3 dump trucks. The trucks will have a 1.0 mile round-trip.
Means Data: Section 022-200-238-1250 Earthwork - Unit price for a 2.5 yd3 front end

loader is $1.23 per yd3 .
Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd 3 capacity dump

truck with a 1.0 mile round trip is $2.21 per yd3•
The, total cost for hauling the clean soil

= (10,000 x 2.21) + (10,000 x 1.23)

Complete cost hauling the contaminaed soil

=

$34,400.00

(10) Treated Soil Hauling from the staging area to final disposal area

Assuming a 100% volume increase after tratement due to the addition of amendments, the
total volume oftreated soil to be hauled to the final disposal area = 20,000 yd3
The treated soil will be hauled to the final disposal area from the staging area using a 2.5 yd3
front end loader and 12 yd3 dump trucks. The trucks will have a 1.0 mile round-trip.
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Means Data: Section 022-200-238-1250 Earthwork - Unit price fora 2.5 yd front end
loader is $1.23 per yd3.
3

Means Data: Section 022-200-266-0400 Earthwork - Unit price for 12 yd capacity dump
truck with a 1.0 mile round trip is $2.21 peryd
The, total cost for hauling the clean soil

=

3

•
3

3

3

20,000 yd x ($2.21 /yd + $ 1.23/yd

)

Complete cost for hauling the soil = $68,800.00
(11) Lighting for the staging area
Assume an illumination area of 10,000

fl?

per 1,000 watt high pressure sodium lamp. Fifteen

light poles are estimated for the entire perimeter ofthe staging area amount upto 2.25 acres.
The electric poles will be cresoted wood that are 30 feet high and each pole will be fitted
with high pressure sodium 1,000 watt lamps.

Means Data: Section 167-100-110-2600 & 166-100-115-2790 Electric Utilities - The unit
price for each wooden electric pole is $815 per pole and $1,150 per light unit.
Total cost for the lighting system in the staging area = 10 units x $1,965 = $19,650
Operation & Maintenance cost for 10 lamps with 1,000 watt capacity each, anticipated to
burn an average of2 hours a day, 7 days a week, 252 days.
($0.08/kwh) x (1000 watt/lamp) x (lkw/100Owatt) x (10 lamps) x (2 hr/day) (252 days/yr) =
$ 500.00
Totallighiting cost = $ 20,150.00

Compete cost for lighting the staging area = $20,150.00

(12) Fencing around the perimeter ofthe staging area
For the pwposes of calculation, the shape ofthe staging area is assumed to be a square of 276
feet x 276 feet. Fencing will be installed to include a 50 feet buffer zone distance on each side.
Therefore, the total length offencing required is 1,304 feet. Installing a industrial chain link
fence that is 6 feet high with 2 inch fence post at 10 feet on-centers and with 1.625" top rail
and 3 strand barbed wire and a pair of45 feet long swinging gates, the cost is as follows:
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Means Data: Section 028-300-308-0500 & Section 028-300-308-2900 Fences & Gates
Unit cost per linear feet ofthe fence is $15.90 and the cost for the gates is $3,475 per pair.
Total cost fencing the staging area

= (1,304 x $15.90 per feet) + $3,475

Complete cost for fencing the staging area = $24,210.00

(13) Clean Soil Cover & Revegetation
After the clean soil is hauled back to the waste pile, the soil from the existing waste pile cap

will be used as a clean cover and will be revegatated. A bulldozer to place and level the soil,
compaction roller and a water wagon for adjusting moisture content will be used to spread the
top clean soil cover over the waste pile.

Estimation of Stockpile Area: The total volume treated soil going into the stockpile area is
20,000 yd3. Considering an arbitrary width of the pile as 400 ft and a slope of the pile to be
5%, we have,
Area ofthe triangle, A = ! x 200 x 2 x 2.5 = 1000 ft2
2
Volume ofthe pile, V = 20,000 yd3 = 540,000 ft3
Length ofthe pile L = V = 540,000 = 540 ft
,
A
1,000
Therefore, area ofthe pile = 540 ft x 400 ft

=

216,000 ft2

Providing a 2.0 ft soil cover,
Volume ofsoil handled = 216,000 ft2 x 2.0 ft = 432,000 ft3 = 16,000 yd3

Means Data: Section 12.1-724-1700 Common Earth Backfill - Unit price, using a 105 HP
dozer and roller compactors, 50 feet haul, 8 inch lift and 2 passes is $2.37 per yd 3 •
Total cost spread and compact the soil = $2.37 per yd3 x 16,000 yd3 = $37,920.00

Means Data: Section 029-300-1000 Landscaping - Unit price for revegatation to include
Hydro or air seeding, with mulch and fertilizer is $39 per 1,000 ft2.
Cost for revegatation = $39 per 1,000 ft2 x 216 = $8,424.00
Therefore, total cost = $37,920.00 + $8,424.00 = $46,344.00
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Complete cost for clean soil cover & revegetation = $46,344.00

(14) Erosion Controlfor the Final Soil Cover
Erosion control for the cap is necessary to prevent wind-blown dust emissions and surface soil
erosion due to rainwater runoff. Based on the calculations in Section 13, the perimeter of the

land.fi11 is 1880 L.F.
Means Data - Section 022-700-1000 - Earthwork - Slope/Erosion ControlUnit cost for silt fence = $0.72 per linear feet
Cost for silt fence = $0.72 x 1880 = $1360.00
Temporary polyethylene sheeting to cover 20% ofthe soil cap,
Area = 0.20 x 4.96 acres = 1.0 acre
Unit cost for cover = $1,645.00 per acre
Cost for polyethylene cover = $1,645.00
Total cost for erosion control = $1,360.00 + $1,645.00 = $3,005.00

(15) Site Operators & Associated Labor Costs
These costs are derived from USAEC Report (USAEC, 1993) and are prorated as applicable.

Site Operator: One supervisor and three technicians working 8 hrl 5day week shift,
8,320 hours x $40 per hour = $332,800.00

Turner Operator: Assuming that the turner will be used on an average of 4 hours per day.
Cost of operator and equipment (vendor quote from Scarab) = $51.12 per hour of operation.
Assuming 4,160 hours for 6 piles and 12 cycles = 4,160 hours x $51.12 = $212,670.00
Total labor costs = $545,470.00

(13) Pre-Treatment Sampling
The temporary stockpile containing the soil to be treated is 500 feet x 875 feet and 12.5 feet

high. For the purposes of sampling the pre-treatment feed, the stockpile area is divided into
grids measuring 175 feet x 175 feet and compsite samples are taken from the center of each

A- 39
6/13/95

PLIEXUS SCllENlfIFIC CORPORA TION
PROJECT: Iowa Army Ammunition Plant
DATE:,
COMPUTED BY: S.Nonavinakere
DATE CHECKED:
CHECKED BY: J. Thielker
PAGE NO.-=CLIENT: United States Army Environmental Center
CONTRACT NO.

_
_

_
_

grid square. Soil analysis will be done using U.S.EPA Method 8330 (EPA SW-846). In a

similar manner soil grain size analysis on the pre-feed will be done using ASTM- D 422.
Assume two the number of samples for each analysis to account for duplicates and blanks for

QNQC purposes.
Costs for analytical seIVices were obtained from Data Chern Laboratories.
Cost per samples = $250.00
Total Sampling cost = $250 x 30 = $7,500.00
Grain size analysis using ASTM - D422

= 30 x $150.00 = $4,500.00

Total cost for pre-sampling = $12,000.00

(14) Post-treatment Confirmatory Sampling
Allowing for onc compsite sample per windrow per batch (EPA 8330), we have
6 windrows x 12 batches

=

72 samples x $250.00 per sample = $18,000.00

At the begining and at the end of the treatment train for each batch, the level of contaminants

will be assessed using Jenkins Method in the field,
6 windrows x 12 batches x 2 samples x $40 per sample = $$5,760.00
Costs for analytical seIVices were obtained from Data Chern Laboratories.

Total cost for post-treatment sampling = $23,760.00
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ARARs For Iowa Anny Ammunition Plant

Table B-1
Potential Chemical-Specific ARARs
Standard,
Requirement,
Criterion, or
Limitation

Citation

Description

Comment

FEDERAL
Safe Drinkim~ Water 40 USC Section 300
Act
National Primary
Drinking Water
Standards

40 CFR Part 141

Established maximum contaminant levels
(MCLs) which are health-based standards for
public water systems.

The MCLs for organic and inorganic
contaminants are relevant and appropriate to the
lagoon water, ground water contaminants, and
decon water and storm water runoff, including
MCLs for volatile organics and metals.

National Secondary
Drinking Water
Standards

40 CFR Part 143

Establishes secondary maximum contaminant
levels (SMCLs) which are non enforceable
guidelines for public water systems to ensure
the aesthetic quality of the water.

SMCLs may be relevant and appropriate.

Maximum
Contaminant Level
Goals (MCLGs)

PL No. 99 339 100
Statute 642 (1986)

Establishes drinking water quality goals set at
MCLGs for organic and inorganic contaminants
levels of no known or anticipated adverse health may be relevant and appropriate if a more
effects with an adequate margin of safety.
stringent standard is required to protect human
health or the environment.

Clean Water Act

33 USC Section 1251
1376

Ambient Water
Quality Criteria

40 CFR Part 13 1.
Quality Criteria for
Water, 1976, 1980,
1986

Requires the states to set ambient water quality AWQC for some of the organic and inorganic
criteria (AWQC) for water quality based on use contaminants in the water at the site have been
classifications and the criteria developed under developed. May be relevant and appropriate if
Section 304(a) of the Clean Water Act.
contaminated or treated ground water is
discharged to surface water during a removal
action.
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Table B-1 (continued)
Potential Chemical-Specific ARARs
Standard,
Requirement,
Criterion, or
Limitation

Citation

Description

Comment

STATE
Iowa Air Pollution
Control Regulations

Chapter 567-28

Ambient Air Quality Standards (Adopts 40 CFR See national Primary and Secondary Ambient Air
40).
Quality Standards.

Iowa Air Pollution
Control Regulations
(continued)

Chapter 567-30

This chapter is not yet promulgated, but it will
govern emissions from an on-site treatment
process. Development of a permit will be on a
case-by-case basis under the general authority of
the IDNR to protect human health and the
environment.

None

Iowa Water Pollution
Control Regulation

Chapter 576.60 to 64

Chapter 60 provides general definitions
applicable in this title and rules of practice.
Chapter 61 contains the water quality standards
of the State including classification of surface
waters. Chapter 62 contains the standards
relevant to the discharge of pollutants to the
water of the state. Chapters 63 and 64 identify
monitoring, analytical, and reporting
requirements pertaining to specific permits for
the operation of water disposal systems.

None

Iowa Responsible
Parties Cleanup
Regulations

Title X, Chapter 133

These rules establish the procedures and criteria
the IDNR will use to determine the parties
responsible and cleanup actions necessary to
meet the goals of the State pertaining to the
protection of ground water. These rules pertain
to the cleanup of ground water, soils, and
surface water where ground water may be
impacted.

None
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Table B-2
Potential Action-Specific ARARs
Standard, Requirement,
Criterion, or Limitation

Citation

Description

Comment

FEDERAL
Solid Waste DisDosal Act
!lSWDAl
Criteria for Classification of
Solid Waste Disposal
Facilities and Practices

42 USC Section 6901
6987
40 CFR Part 257

Establishes criteria for use in determining
which solid waste disposal facilities and
practices pose a reasonable probability of
adverse effects on health and thereby
constitute prohibited open dumps.

If an alternative developed would involve the
land disposal of solid waste, this part would be
applicable.

Hazardous Waste
lManagement Systems
General

40 CFR Part 260

Establishes procedures and criteria for
modification or revocation of any provision
in 40 CFR Parts 260-265.

May be applicable if a substance at the site was
to be excluded from the list of hazardous
wastes.

Identification and Listing of
Hazardous Wastes

40 CFR Part 261

Defines those solid wastes which are subject
to regulation as hazardous wastes under 40
CFR Parts 263-265 and Parts 124, 270, and
271.

Identifies those wastes considered to be
hazardous wastes at the site. Any wastes
considered as hazardous would be required to
be handled as such.

Standards Applicable to
Transporters of Hazardous
Waste

40 CFR Part 263

Establishes standards which apply to
If an alternative developed would involve
persons transporting hazardous waste
off-site transportation of hazardous wastes,
within the U.S. if the transportation requires these standards would be applicable.
a manifest under 40 CFR Part 262.

Standards for Owners and
Operators of Hazardous
Waste Treatment, Storage,
and Disposal Facilities.

40 CFR Part 264

Establishes minimum national stand,lJ.rds
Subparts B through X may be applicable or
which define the acceptable management of relevant and appropriate to on-site and off-site
hazardous waste for owners and operators
remedial actions.
of facilities which treat, store, or dispose
hazardous waste.

Resource Conservation
and Recoverv Act lRCRAl
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Table B-2 (continued)
Potential Action-Specific ARARs
Standard, Requirement,
Criterion, or Limitation

Citation

Description

Comment

Interim Status Standards for Owners
and Operators of Hazardous Waste
Treatment, Storage, and Disposal
Facilities.

40 CFR Part 265

Establishes minimum national
standards which define the
acceptable management of
hazardous waste during the period
of interim status and until
certification of final closure, or if the
facility is subject to post closure
requirements, until post closure
responsibilities are fulfilled.

Remedies should be consistent with
the more stringent Part 264
standards since these represent the
ultimate RCRA compliance
standards and are consistent with
CERCLA's goal oflong-tenn
protection of public health and
welfare and the environment.

Interim Standards for Owners and
Operators of New Hazardous Waste
Land Disposal Facilities

40 CFR Part 267

Establishes minimum national
standards which define the
acceptable management of
hazardous waste for new land
disposal facilities.

Remedies should be consistent with
the more stringent Part 264
standards since these represent the
ultimate RCRA compliance
standards and are consistent with
CERCLA's goal oflong-tenn
protection of public health and
welfare and the environment.

Land Disposal Restrictions

40 CFR Part 268

Establishes a timetable for
If an alternative involves land
restriction of land disposal of wastes disposal of any restricted waste, this
and other hazardous materials.
part may be applicable.

Hazardous Waste Pennit Program

40 CFR Part 270

Establishes provisions covering
A pennit is not required for on-site
basic EPA pennitting requirements. CERCLA response actions;
however, a pennit is required for
off-site actions. Substantive
requirements are addressed in 40
CFR Part 264. Under 40 CFR
Section 300.38, requirements of the
Act apply to all response activities
under the NCP.
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Table B-2 (continued)
Potential Action-Specific ARARs
Standard, Requirement,
Criterion, or Limitation
Clean Water Act
National Pollutant Discharge
Elimination System Permit
Regulations

Citation

Description

Comment

33 USC Section
12-51-1376
40 CFR Parts 122,
125

Requires permits for the discharge of pollutants
from any point source into water of the United
States.

A permit is not required for on-site
CERCLA response actions, but the
substantive requirements would apply if
an alternative developed would discharge
into a creek or other surface water on the
site. A permit would be required if the
discharge is to a creek or surface water
located off site.

National Pretreatment
Standards

40 CFR Part 403

State standards to control pollutants which pass
through or interfere with treatment processes in
publicly-owned treatment works or which may
contaminate sewage sludge.

If an alternative developed involves
discharge to publicly-owned treatment
works, these standards would be
applicable.

OccuDational Safety and
Health Act (OSHA)

20 USC Section
651-67829 CFR
1910.120

Regulates worker health and safety.

Clean Air Act

42 USC Section
7401-7642

[National Ambient Air
Quality Standards

40 CFR Part 50

Toxic Substance Control

A£!

Treatment technology standards for emissions to
air: incinerators, surface impoundments, waste
piles, landfills, and fugitive emissions.

15 USC 260140 CFR Establishes management standards for PCB
Part 761
disposal.
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None

If and alternative developed would
involve emissions governed by these
standards, then the requirements are
applicable.
May be applicable for off-site treatment.

Table B-2 (continued)
Potential Action-Specific ARARs
STATE
Iowa Environmental Quality Act

Chapter 455B

Iowa Hazardous Substances and
Waste Regulations

Chapters 131, 140, 141, and 149

Iowa Solid Waste Disposal
Regulations

Defines the jurisdiction of the
IDNR, defines powers and duties of
the commission and the director,
and civil or criminal proceedings to
be undertaken by the State Attorney
General.

None

Chapter 131 requires reporting of
Considered in an alternative
hazardous conditions. Chapter 140 involving off-site transportation and
disposal.
provides general definitions
applicable to this title. Chapter 141
contains specific regulations
identifying and listing hazardous
wastes, the standards applicable to
generators and transporters of
hazardous wastes, and standards
applicable to treatment, storage, and
disposal facilities. Chapter 149
contains the procedures for the
assessment and collection of fees for
transportation, treatment, and
disposal of hazardous waste.

Chapters 567, 100, 101, 102, 103, Establishes standards for sanitary
Considered in an alternative
and 110
disposal projects and by regulating involving on-site landfill disposal.
the dumping of solid waste through
a system of general rules and
specific permits. Deals with
excavation of closed landfills or
dumps, operation, cover, and
monitoring of landfills.
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Table B-2 (continued)
Potential Action-Specific ARARs
Standard, Requirement,
Criterion, or Limitation
Iowa Hazardous Waste
Disposal Penalty Law
Iowa Air Pollution Control
Regulation

Iowa Water Pollution
Control Regulations

Iowa Responsible Parties
Cleanup Regulations

Citation
Chapter 7168

Description

Comment

Establishes penalties for unlawful transportation and
disposal of hazardous waste.

Off-site disposal.

Chapter 567.23

Governs the release of fugitive dust in quantities
creating a nuisance during site activities and emissions
from a treatment system.

Considered for excavation
activities.

Chapter 567.24

Applies to emissions from a permitting emission point.
Could be applied to excess emissions of fugitive dust.

None

Chapter 567.25

State could require measurement of emissions from an
air stripper.

None

Chapter 567.28

Ambient Air Quality Standards (Adopts 40 CFR 50).

None

Chapter 567.37

Registration of water well contractors.

Chapter 567.38

Private water well construction permits.

Chapter 567.39

Well abandonment requirements.

Chapter 567.40

Water supply definitions. Defines MCLs that Chapter
13 3 refers to.

Chapter 567.49

These rules refer to nonpublic water wells, and contain
well construction standards, materials standards, and
abandonment guidelines.

Chapter 133

These rules establish the procedures and criteria the
IDNR will use to determine the parties responsible and
cleanup actions necessary to meet the goals of the State
pertaining to the protection of ground water. These
rules pertain to the cleanup of ground water itself and
soils and surface water where ground water may be
impacted.
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Considered if wells installed for
future monitoring.

None

Table B-3
Potential Location-Specific ARARs
Standard,
Requirement,
Criterion, or
Limitation

Citation

Description

Comment

FEDERAL
Clean Water Act

40 CFR 230 Section
404

Establishes a permit program administered by
the U. S. Army Corps of Engineers to regulate
the nonpoint source discharges of dredged or
fill material into waters of the U.S.

Potentially applicable in watersheds at lAAP.

40CFR
270.14(b)(11)(iii) and
(iv)

Establishes building criteria for TSD facilities
located in floodplain.

Potentially applicable in watersheds at lAAP.

40 CFR 6.302(a)

Requires federally-funded projects ensure that
any modification of any stream or other water
body affected be provided adequate protection
of fish and wildlife resources.

Potentially applicable in watersheds at lAAP.

Floodplain
Management Order

40 CFRPart 6

Mandates that federally-funded projects within
10-year floodplain avoid adverse impacts
associated with development of a floodplain.

Potentially applicable in watersheds at lAAP.

Endangered Species
Act

50 CFR 402

Requires that any federal activity may not
jeopardize the continued existence of any
threatened or endangered species or destroy or
adversely modify a critical habitat.

Potentially applicable in watersheds at lAAP.

RCRA

Fish and Wildlife
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Table B-3 (continued)
Potential Location-Specific ARARs
Standard,
Requirement,
Criterion, or
Limitation

Citation

Description

Comment

"

STATE
Clean Water Act

Floodplain
Development

Section 401

State Section 401 water quality certification is
mandatory for all projects requiring Federal
Section 404 pennit. Section 401 certification is
State's concurrence that a project is consistent
with State's water quality standards. Also
establishes criteria for wetlands.

Potentially applicable in watersheds at IAAP.

Iowa Code Section The State has authority to regulate construction Potentially applicable in watersheds at IAAP.
455B,Chapters 70-76 on all floodplains and floodways in the State.
Chapters 70-76 explain how and when a pennit
must be obtained for various types of
development.
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